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CHAPTER  Xir. 


THE  st-LOEmjnc  rryD. 


Section  1.  Jo!in  Hyi..:z:i  de  MazcIIaz.  in  Losi:s.  having  in  :he  year 
17S»5  -tifertd  :rj  :h^  S-c:-.-*;.-.  jk.»  i  ioniTio".  :he  sizi  of  :wo  h-.indr^i  suiaea*, 
to  he  hv  'hen:  v-r^'e: :::  a  ?-• Ture  i^i  r-rrrr.i=ez:  f;:sd.  :•>  ihe  end  :hAt  the 
init-rea'  ar:»:iij  TLvrcfr -Hi  il-iu'.i  be  iL=..ij'.'.v  diij-jie-i  vf  in  pn&miunuw  to 
be  aJjudcf  I  by  thTm  i  ■  :hr  .lU'.Lor  if  :Lc  t-r»:  dis-X'Teiy,  or  most  useful  in- 
vention, rvla'.inj  •."  NiiVl -ivion.  AsTJZonir.  jryav^ral  Philosophr  (mere 
natural  lii?!'.'r>-  oii'.y  -.-xcTptei  :  ;ir.d  :Le  ?-.<:r:y  Lavinz  accepted  of  the 
above  d'-»niiiion.  :!.ey  h^r-rby  pub'.Lih  the  c-jniivl'n*.  prescribed  by  the 
donor  and  agreed  to  by  :Lr  Suci-ty,  up-^a  which  :he  said  annual  premiums 
wiJl  be  awarded. 

Ci>NDITXO>>   OF   THE  MAGELLANIC   PREMIUM. 

1.  The  candiJjTe  sh •»'.'.  send  Lis  discovery,  invention  or  impwvement, 
addr-rssfcd  to  the  Presi  !e:i%  or  one  of  !he  Vic-r-PresIdents  of  the  Society. 
fn;e  of  i/'/S-uiT'--  '^r  o:her  cliarges  :  and  shall  disrinffuish  his  i>erfonnance  by 
some  uvitto.  device,  or  -iher  si^ni^ture.  a:  LIf  pltrasure.  Together  with 
his  disc'jvery,  invention,  or  improvement,  he  shitl!  also  send  a  sealed  letter 
containing  the  same  mo::o,  device,  -r  sijrna'urc,  and  subscribed  with  the 
real  ntinit.-  and  y^IaO:  of  r'-'Sidence  of  the  author. 

2.  Persons  of  uny  nation,  sect  or  denominii:ii>n  whatever,  shall  be  ad> 
mit'ed  as  candidu'.es  for  This  premium. 

8.  No  di?c*ivery.  invention  or  improvement  shall  be  entitled  to  this 
premiuia,  which  Iiath  b'*en  alrciidy  published,  or  for  which  the  author 
ha»h  been  publicly  rewarded  elsewhere. 

4.  The  candidate  shall  communicate  his  discover}',  invention  or  improre- 
ment,  either  in  tlie  English,  French.  German,  or  Latin  langua^. 

5.  All  such  communicatir>ns  shall  be  publicly  read  or  exhibited  to  the 
Society  at  some  stated  mectinir.  not  less  than  one  month  previous  to  the 
day  of  adjudication,  and  shall  at  all  times  be  open  to  the  inspection  of 
such  members  as  shall  desire  it.    But  uo  member  shall  carry  home  with 
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On  the  Origin  and  Drainage  of  the  Basins  of  the  Great  Lakes.     By  J.  S. 

Neither  ry. 

{Read  before  the  American  Philosophical  Society,  November  4,  1881.) 

Having  lived  for  half  my  life  on  the  shores  of  Lake  Erie,  and  beginning 
my  geological  studies  there  at  an  cariy  age,  the  mode  of  formation  of  tliis 
water  basin  naturally  became  a  subject  of  observation  and  thought  with 
me.  Subsequently,  I  for  ten  years  owned  a  country  place  on  one  of  the 
islands  near  the  west  end  of  the  lake,  and  during  the  summer  residence  of 
my  family  there  I  had  a  more  satisfactory  opportunity  for  the  study  of  the 
structure  of  these  islands  than  can  be  enjoyed  by  any  one  now,  since  some 
of  the  most  striking  cliffs  and  rock  surfaces  have  been  quarried  awa}'  or 
covered  with  buildings. 

The  interest  which  I  acxiuired  in  the  subject  also  led  me  to  visit  and  ex- 
amine with  some  care  the  whole  chain  of  lakes,  and  to  follow  this  line  of 
diuinage  from  Duluth,  I^kc  SuiK^rior,  to  its  j)resent  outlet  at  the  mouth  of 
the  St.  Lawrence,  and  its  ancient  one  at  New  York. 

The  results  of  the  observations  thus  made  were  communicated  to  the 
public  in  **  Notes  on  tJw  Surface  (rcofof/y  of  tJie  Basin  of  tJit  Great  Lak^H'* 
(Boston  Natural  Ilistoric^il  Society,  lHf>*2)  ;  "  Geolof/icttl  Survey  of  Ohio, 
Report  of  I^of/rtssfor  180U  ;'*  "  The  Surface  Geology  of  the  Basin  of  the 
Gnat  Lakes  atul  the  Valley  of  tJic  }fi:<si.'*)iippi "  (Lyceum  of  Xjitunil  His- 
torical Society.  New  York,  18G9)  ;  *'The  Sarf are' Geology  of  Ohio"  (He- 
port  of  Geological  Survey  of  Ohio,  Vol.  ii.  1ST4)  ;  "  The  Geological  Hin- 
tory  of  Netc  York  Island  and  Harbor"  CPopulnr  Science  Monthly,  1878). 

In  the  progress  of  these  investiiTJitions.  I  discovered  whsit  had  not  before 
attracted  attention,  that  (1),  at  one  time  the  casiorn  and  middle  portions 
nf  the  continent  stood  considerably  hi^j^lier  above  the  ocean  tlian  at  the 
present  time  ;  (2),  that  an  extensive  system  of  drainage  lines  whicli  once 
traversed  tlie  continent  had  been  subseqncMitlj'  more  or  less  tilled  up  and 
obliterote^I,  generally  by  the  drill  of  the  Ice  period  :  (3),  that  our  mo<lern 
rivers  had  often  deserted  their  ancient  valleys  alto.t^ether,  and  flowed  somc- 
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times  hundreds  of  feel  al)ove  their  former  beds  ;  and  (4),  that  glaciers  had 
once  occupied  the  basins  of  our  great  lakes,  moving  in  the  lines  of  their 
major  axes.* 

These*  facts  formed  the  basis  of  the  history  of  the  formation  of  our  lake 
basins  which  I  then  reported. 

This  history  may  be  briefly  epitomized  as  follows  ; — 

Ist.  In  the  Tertiary  age  a  great  river  traversed  and  drained  the  basin 
of  the  lakes,  rising  in  the  highlands  north  of  Lake  Superior,  and  terminat- 
ing in  the  Atlantic  ocean  eighty  miles  south  and  east  of  New  York. 

2d.  In  the  advent  and  decline  of  the  Ice  period,  local  glaciers  descend- 
ing from  the  Canadian  highlands  and  following  the  lines  of  lowest  level, 
scooped  out  expansions  of  the  river  valleys  forming  the  basins  of  the 
present  lakes.  ^^ 

8d.  These  basins  were  connected  by  cations  which  cut  the  rock  barrier^^ 
separating  them,  and  through  which  flowed  their  surplus  waters. 

4th.  At  the  culmination  of  the  Ice  period  a  general  ice  sheet  filled  ao<V 
overflowed  the  lake  basin,  choking  up  the  river  valleys  with  boulder  clay, 
and  obliterating  the  details  of  local  topography. 

5th.  After  the  retreat  of  the  glaciers  the  great  river  which  drained  the 
lake  ba.sin,  finding  its  old  channel  obstructed,  chose  for  itself  a  new  route. 
Following  the  line  of  lowest  levels  it  left  its  former  trough  buried  under 
the  Grand  Sabh?,  to  cross  a  spur  of  the  Canadian  highlands  at  Sault  St. 
Marie,  again  it  crossed  a  point  extending  northward  from  the  Alleghany 
highlands  at  Niagara,  and,  finally,  its  Mohawk  channel  being  obstructed 
it  chose  a  new  route  by  the  Thousand  Islands  and  Lachine  Rapids  to  the 
Gulf  of  St.  Lawrence. 

A  large  number  of  facts  sustaining  these  conclusions  are  given  in  the 
papers  to  which  reference  has  been  made,  but  a  repetition  of  that  which 
has  becm  so  fully  stated  would  be  superfluous  here. 

In  tracing  the  course  of  the  ancient  river  which  drained  the?  lake  basin. 
I  ventured  to  predict  tl'.at  a  buried  channel  would  be  found  connecting  the 
basins  of  Lake  Erie  and  Lake  Ontario,  "somewhere  between  Long  Point 
and  the  western  end  of  Lake  Ontario." 

This  channel  Prof.  J.  W.  Spencer,  of  King's  College,  Windsor,  N.  S.. 
claims  to  have  discovered  ;  and  in  a  paper  published  in  the  last  issue  of  the 
Proceedings  of  the  American  Philosophical  Society,  he  mai>s  and  descrilws 
it,  locating  it  where  I  had  predicted  its  diseovery,  although. he  says  it  is  a 

•The  first  nuf^gestion  of  the  existence  of  these  uncient  burled  channels  was 
given  by  the  borings  for  oil  In  the  valley  of  the  Cuyahoga  at  Cleveland,  where  I 
then  resided,  and  In  the  valleys  of  other  tributaries  to  the  Lake  system  or  the 
Ohio.  Every  stream  bed  in  that  section  was  at  that  time  probed  for  petroleum, 
and  in  most  ciises  the  rock  bottoniKof  the  valleys  wore  only  reached  after  pene« 
trating  a  considerable  mass  of  clay  bi>neath  tin*  prestsnt  stream.  At  Cleveland 
the  roi'k  bottom  of  the  old  valley  is  two  Innidred  feet  below  the  bottom  of  the 
river,  and  the  lake  basin  into  wbich  it  Hows,  thouiirh  silted  up  to  wl-hin  sfxfy 
feet  of  the  surface  of  tlie  water,  wa.s  once  excavated  to  a  still  greater  tleptb  than 
the  river  trough. 
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channel  "  of  whicli  there  was  no  clue  or  even  suggestion  until  working 
up  the  origin  of  the  Dundas  valley. "  Prof.  Spencer  also  does  much  more 
than  describe  this  buried  channel  in  the  paper  referred  to,  for  he  there 
discusses  at  length  the  origin  of  the  lake  basins,  and  reaches  conclusions 
which  are  in  some  respects  at  variance  with  those  previously  published  by 
mvself. 

The  points  of  difference  between  us  are  briefly  these  ;  I  had  claimed  the 
existence  of  an  ancient  river  flowing  fBom  Lake  Superior  through  the  lake 
basin  and  down  the  Mohawk  valley  into  the  trough  of  the  Hudson,  and 
thence  to  the  ocean  by  New  York.  The  valley  of  this  stream,  locally 
expanded  Into  boat-shaped  basins  by  glacial  action,  according  to  my  view, 
formed  the  basins  of  the  great  lakes. 

Prof.  Spencer  denies  that  glaciers  have  played  any  part  in  the  formation 
of  the  lake  basins,  and  more  sweepingly  that  ice  luis  any  excavating  power. 
He  also  rejects  the  theory  that  the  outlet  of  tlie  lake  basin  was  by  the 
Mohawk  valley,  saying,  "the  Mohawk  course  will  not  answer  as  the 
Geological  Survey  of  Pennsylvania  has  shown,  for  at  Little  Falls, 
Herkimer  Co.,  the  Mohawk  flows  over  metamorphic  rocks." 

Meeting  the  last  objection  first,  I  venture  to  say  that  the  Geological 
Survev  of  Pennsylvania  has  not  shown  that  the  outlet  of  the  lake  basin 
through  the  Mohawk  valley  "wont  do."  The  fact  that  the  present 
Mohawk  river  flows  over  rocks  at  Little  Falls  is  no  new  discovery,  as  it 
could  hardly  escape  the  observation  of  any  traveler  over  the  New  York 
Central  Railroad,  but  there  is  ample  room  in  the  adjacent  country,  where 
heavy  beds  of  drift  cover  the  rock,  for  the  continuation  of  the  old,  deeply- 
cut  Mohawk  valley.  In  the  country  about  Little  Falls,  not  only  is  there 
room  for  such  a  channel,  but  the  facts  necessitate  its  existence.  The  rocky 
barriers  over  which  the  Niagara  and  St.  Mary's  flow  are  equally  con- 
clusive evidence  against  a  continuous  buried  channel  connecting  the  great 
lakes, — in  which  we  both  believe. 

In  regard  to  the  agency  of  glaciers  in  excavating  the  lake  basins  I  think 
no  one  who  will  carefully  observe  the  facts,  will  hesitate  to  ascribe  to 
them  an  important  functicm.  It  is  true  that  Prof.  Whitney  denies  that  ice 
has  ever  excavated  a  lake  basin,  and  Prof.  Spencer  echoes  and  endorses 
the  statement  ;  but  it  is  also  true  thai  Prof.  Hamsav,  Director  of  the  Geo- 
logical  Sur\''ey  of  England,  claims  that  all  lake  basins  have  been  excavated 
by  ice.  and  Prof.  J.  Le  ('onte  whose  range  of  observation  has  been  extensive, 
attributes  the  origin  of  Lake  Tahoe  and  other  lakes  in  the  Sierra  to  this  cause. 
They  have  also  supported  their  views  of  the  power  of  ice  as  an  erosive 
agent,  not  simply  by  the  authority  of  their  names,  but  by  an  imposing 
array  of  facts.  In  such  circumstances  those  who  deny  any  excavating 
power  to  glaciers  can  hardly  expect  their  curt  dismissal  of  the  ice  theory 
to  be  accepted  without  some  sort  of  I'vidence  beside  their  personal  asser- 
tion. It  has  liappened  to  me  to  have  opportunities  of  studying  the  etlect 
of  glaciers  ancient  and  modern  in  many  countries,  and  I  am  compelled  to 
jwiy  that  the  statements  that  ice  has  no  erosive  power,  and  has  made  no  im- 
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pressioii  on  topography  except  by  the  accumulatiou  of  morainic  material,  and 
also  that  ice  has  had  no  agency  in  the  excavating  of  the  lake  basins,  are 
alike  disproved  by  my  own  observations.  Any  one  who  has  visited  the 
present  termini  of  tlie  Alpine  glaciers  cannot  fail  to  have  remarked  the 
rochei  m^utonnees  and  tlie  broadly  excavated  trouglis,  the  work  of  the 
glaciers  when  they  had  greater  reach,  lie  will  also  have  noticed  that 
these  glacial  troughs,  under  and  beyond  the  present  glaciers,  are  furrowed 
by  deep  and  narrow  channels,  the  work  of  the  streams  flowing  from  the 
melting  ice.  Here  we  obtain  conclusive  evidence  that  ice  ha^  erosive 
power,  and  have,  on  a  small  scale,  typical  examples  of  the  kinds  of  erosion 
wrought  by  ice  and  water.  The  higher  portions  of  the  Sierra  Nevada,  and 
the  whole  summit  of  tlie  Cascade  mountains  bear  such  indisputable  evidence 
of  the  erosive  action  of  ice  that  it  is  incomprehensible  that  any  one  should 
have  seen  this  record  and  deny  its  validity.  On  the  Cascade  mountains  there 
are  thousands  of  square  miles  over  which  the  rocks  are  planed  down, 
grooved  and  furrowed,  where  the  rough  and  ragged  summits  are  reduced 
to  rochss  moutonuees  and  enough  material  has  been  removed  by  ire 
to  fill  all  the  water-cut  channels  of  the  continent.  In  the  Report  of  the 
Geological  Survey  of  Ohio  I  have  described  in  detail  the  evidence  of  the 
action  of  ice  in  forming  the  basin  of  Lake  Erie.  No  one  can  visit  the 
group  of  islands  oft  Sandusky  without  being  convinced  that  they  are 
carved  by  ice  out  of  the  solid  rock.  Their  sides  and  surfaces  are  every- 
where glaciated,  and  areas  of  acres  in  extent  planed  down  to  the  smooth- 
ness of  a  house  floor.  The  corals  and  other  fossils  which  All  the  luuestonc 
are  here  cut  across  as  smoothly  as  it  could  Ik*  done  by  hand  ;  and  as  I  have 
elsewhere  shown,  the  direction  of  the  furrows  and  the  tniils  left  behind 
chert  masses  in  the  limestone,  prove  that  the  ice  moved  in  the  line  of  the 
major  axis  of  Lak«  Erie,  and  from  the  north-east  towanl  the  south-west. 
Similar  facts  both  in  regard  to  lock  striati(m  and  the  transport  of  material 
liave  been  observed  about  Lake  Ontario,  Lake  Huron,  Lake  Michigan  and 
Lake  Superior. 

The  manner  in  whicli  ice  accomplishes  the  erosion  effected  by  it,  is  no 
mystery,  as  any  one  who  has  seen  a  glacier  has  seen  the  agent  in  action . 
The  soft  ice  simply  becomes  a  great  emery  wheel.  K^xks,  gravel  and  sand 
are  frozen  into  its  under  surface  or  are  sjjread  Ix^neath  it  and  pressed  down 
upon  its  bed  with  the  enormous  weight  of  the  moving  mass  ;  the  result  in 
a  grinding  that  nothing  can  resist.  The  ground  up  material  is  "till*'  or 
boulder  clay,  sand,  gravel  and  boulders,  and  this  residue,  iwrhaps  insiji^- 
nificant  in  ((uantity  compared  with  the  amount  produced,  covers  literally 
hundreds  of  thousands  of  square  miles  on  this  continent  alone.  How,  in 
the  face  of  these  facts,  can  any  (me  say.  ice  has  no  erosive  power?  Prof. 
Spencer  misunderstands  and  misrepresents  me  when  he  imputes  to  me  any 
vacillation  of  opinion  or  any  uncertainty  in  rejranl  to  the  agencies  which 
have  excavated  the  lake  basins.  From  the  tirst  I  have  recognized  the 
existence  of  an  ancient  river  draining  the  lake  basins  at  a  low  level,  and 
was  by  many  years  the  first  to  indicate  the  existence  of  such  a  stream,  but 
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I  have  never  for  an  instant  doubted  that  the  erosive  action  of  this  river 
was  supplemented  and  modified  by  local  glaciers.  It  is  quite  beyond  the 
reach  of  fiuvial  erosion, — of  which  in  the  cafions  of  the  Colorado,  I  have 
studied  the  best  examples  extant, — to  form  basins  like  those  of  our  great 
lakes  ;  and  while  it  gives  me  pleasure  to  find  in  Prof  Spencer's  discovery 
a  confirmation  of  the  prediction  made  years  ago,  and  to  give  him  credit 
for  the  sagacity  and  industry  which  marks  his  investigations,  I  cannot  but 
feel  that  before  attempting  to  write  a  general  history  of  the  Lake  basins,  it 
would  have  been  well  to  have  gone  in  person  over  all  the  ground  Under 
discussion. 

Mr.  Lesley  remarked  that  in  all  controversies  over  the  Glacial  hyiiothesis, 
as  it  used  to  be  called,  the  Glacial  theor}*^  as  it  has  now  well  established 
itself  to  be,  a  vast  number  of  observed  facts  are  accepted  on  all  hands  as 
part  of  the  actual  human  knowledge.  Ko  one  now  thinks  of  disputing  the 
former  extension  of  existing  glaciers  ;  nor  the  former  existence  of  sheets  of 
ice  over  large  areas  of  the  earth's  surface,  where  nothing  like  a  glacier  is 
now  noticeable  even  at  the  close  of  tne  severest  winters  ;  nor  the  meaning 
of  the  scratches  and  grooves,  clays  and  gravels,  moraines  and  kames,  pot 
holes,  ponds,  terraces,  sand  dams,  reversed  drainage,  and  whatever  else 
are  the  characteristic  marks  and  vestiges  of  the  agency  of  the  ice  which 
once  covered  such  areas.  All  geologists  who  have  studied  existing  glaciers 
in  the  Alps,  for  instance,  or  who  have  acquainted  themselves  with  their 
character  and  action  through  good  descriptions  of  them,  take  i)recisely  the 
same  view  of  the  circumstances. 

What  geologists  are  not  yet  agreed  upon  is  not  whether  moving  ice  once 
covered  now  fertile  districts,  but  the  precise  limits  of  these  glaciated  dis- 
tricts ;  not  that  all  moving  Ice  moves  rocks,  but  precisely  in  what  manner 
the  roc^ks  move  with,  on,  in  or  under  the  ice ;  not  that  glaciers  deposit 
heterogenous  materials,  but  precisely  what  part  water,  melted  ice,  plays  in 
the  drama,  and  how  one  can  best  distinguish  its  work  from  that  done  by 
the  ice  itself,  unmelted,  in  and  of  itself;  not  whether  there  has  been  an 
age  of  ice,  but  whether  there  were  not  two  or  more,  and  whether  human 
beings  began  to  live'in  an  earlier,  in  a  medial,  or  in  a  later  age  ;  and  above 
all,  not  whether  the  surface  of  glaciated  regions  was  modified  by  tlie  long 
or  short,  single  or  repeated  passage  of  ice  over  them,  but  precisely  to  what 
extent  this  modification  went. 

In  a  word,  the  Glacial  Theory,  perfectly  well  defined  and  accepted  by 
all  in  the  clear  light  of  long  continued,  thorough  and  consistent  investiga- 
tion, is  still  surrounded  by  a  penumbra  of  Glacial  Hypotheses,  about 
which  very  entliusiastic  and  dogmatic  geologists  arc  disposed  to  debate 
with  a  great  deal  of  personal  warmth,  as  if  their  personal  reputation  for 
genuine  scientific  ability  w^as  involved.  The  fact  is.  some  of  the  questions 
thus  presented  are  so  difficult  of  any  precise  definition  that  we  must  wait 
long  for  their  answer^. 
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The  most  difficult  of  all  these  questions  has  naturally  excited  the  most 
strenuous  discussion  : — the  excavatory  power  of  ic/;. 

Even'  geologist  knows  that  an  uncertain  amount  of  erosion  must  be  ex- 
plained by  ancient  ice  movements  ;  for.  the  eroding  action  of  glaciers  may 
be  studied  in  Alpine  valleys  as  it  is  now  going  on.  But  some  think  this 
erosion  to  be  so  insignificant  as  to  be  justly  compared  to  the  sandpaper 
smoothing'oii  of  a  roughly- planed  board  ;  while  others  please  their  imagi- 
nations with  its  incredible  force  and  magnitude,  and  describe  it  as  plough- 
ing out  Alpine  valleys,  and  excavating  American  lakes.  Recent  works  on 
the  Glacial  Age  might  be  quoted  to  show  that  conjectures  of  all  grades  be- 
tween these  two  extremes  are  accepted  by  their  geological  authors — vague 
postulates,  or  general  propositions,  taken  for  granted,  without  being  sub- 
jected to  any  mathematical  analysis— as  a  groundwork  for  the  considera- 
tion and  description  of  old  and  new  local  facts. 

It  is  needless  to  say  that  no  personal  sentiment  on  the  subject  can  have 
a  scientific  value.  For  my  own  part,  I  entertain  a  lively  persuasion  in 
ftivor  of  the  sandpaper  end  of  the  scries  of  hypotheses  ;  but  I  can  assign  no 
higher  value  to  this  perBua.sion,  or  i)ersonal  opinion,  nor  do  I  think  it  can 
any  more  efficiently  secure  scientific  results,  than  an  impulse  towards  the 
opposite,  or  lake  excavating  prejudice.  It  is  after  all  merely  a  prejudice, 
but  a  prejudice  in  favor  of  the  preponderance  of  a  multitude  of  facts  which 
bear  upon  the  subject  under  discussion ;  facts  which  I  think  have  never 
yet  been  placed  in  the  strongest  light ;  facts  of  topography,  especially- 
abundant  in  regions  near  to  but  outside  of  glaciated  regions. 

There  are  two  principal  lines  of  investigation,  it  seems  to  me,  which-may 
lead  us  to  a  hopeful  elucidation  of  the  (lucstion  of  h4)w  mvch  of  our  topog- 
raphy has  been  effecU;d  hy  ice. 

1.  We  may  take  up  one  feature  of  topography  after  another,  and  by  a 
process  of  exclusion,  narrow  down  the  field  of  ice-action  until  what  is  left 
shall  remain  reasonably  certain  to  be  due  to  ice  alone  ;  and 

2.  We  may  study,  directly  and  mathematically,  by  number,  weight, 
bulk  and  velocity,  the  work  actually  done  by  an  existing  glacier,  and  infer 
by  strict  comparison  the  possible  limits  of  ice- work  over  any  given  glaciated 
region. 

Thus,  to  take  the  last  first,  let  us  ask  what  is  the  ]X)tential  of  eroding 
energy  in  the  case  of  a  glacier  ? 

Pure  ice,  of  course,  has  no  scratching  ])Ower.  The  facility  with  which 
it  moulds  itself  yi\ton  surfaces,  is  shown,  in  an  astonishing  manner,  by 
grooves  on  the  underside  of  a  moving  glacier.  pn)dured  by  large  stones 
lying  quite  loose  upon  the  bed-rock,  and  prevented  from  slipping  forwanl 
with  the  ice  by  some  slightly  obstructive  irrei^ularity  of  the  bed-rock  sur- 
face. The  common  notion  is  that  all  such  .<*tone8  are  necessarily  embedded 
by  the  ice  and  used  as  scmtchers,  or  eroding  tools.  But  at  least  some  of 
them  are  not  so  taken  up  by  the  ice,  which  slips  smoothly  over  them,  re- 
taining as  a  groove  the  shape  of  their  cross  section,  for  many  yanls  after 
passing  their  ix>sition. 
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The  number  of  stones  thus  inoperative  at  the  base  of  a  glacier  is  one  of 
the  factors  in  the  equation  of  erosion. 

That  ice  uses  sand,  gravel  and  boulder  debris  to  scratch  its  rock  bed  is 
not  doubted  by  any  one.  The  abrupt  termination  of  striaj,  deepening  and 
widening  to  their  abrupt  termination,  was  one  of  the  earliest  observed 
facts,  and  was  explained  on  the  old  diluvial  theory,  and  the  iceberg  theory, 
by  the  arrest  and  rotation  of  the  block  which  served  as  a  graving  tool, 
flxed  in  the  ice,  or  by  the  breaking  off  of  the  point  of  the  tool. 

The  cliapters  of  James  Hall's  Report  of  the  Geology  of  the  Western  Dis- 
trict of  New  York,  published  in  1844,  which  describe  the  Drift  and  Glacia- 
lion  of  that  District  suffice  to  show  how  carefully  these  phenomena  were 
studied  fifty  years  ago.  Dr.  Newberry  and  other  ultra-erosionists  would 
do  well  to  note  what  Hall  says  (on  page  331)  in  evidence  of  the  compara- 
tively slight  force  necessary  for  producing  the  grooves  and  polished  sur- 
faces, the  overturning  of  bed  plates,  and  transport  of  fragment*,  from 
which  such  exaggerated  theoretical  consequences  are  deduced. 

In  those  really  admirable  chapters  may  be  found  the  earliest  hints  of  the 
now  accepted  activity  of  subglacial  water,  loaded  with  debris,  in  doing 
much  of  the  work  wrongly  ascribed  to  ice. 

The  actual  erosive  power  of  rock-set  ice  must  certainly  be  susceptible  of 
an  apjitoximately  accurate  mathematical  calculation, 

Its  differential  is  :  one  stone,  held  by  the  ice  against  the  bed-rock  with  a 
certain  pressure — the  stone  of  a  certain  hardness  (a) — the  bed-rock  of  a 
certain  hardness  (b) — the  ice-grasp  of  the  stone,  of  a  certain  plasticity  (c) 
— the  maximum  pressure  exerted  by  the  weight  of  the  ice,  up  to  the  point- 
crushing  degree  (d). 

It  is  evidently  wrong  to  make  the  total  weight  of  the  column  of  ice  above 
the  tool  a  measure  of  the  engraving.  Were  the  ice  piled  to  the  height  of 
miles,  its  graving  power  would  be  no  greater  than  that  of  a  column  of  ice 
weighing  just  enough  to  crush  the  point  of  the  tool.  All  the  declamation  in 
books  respecting  the  enormous  erosive  force  of  a  sheet  of  ice  several  thou- 
sand feet  thick  pressing  down  upon  and  moving  over  sandstone,  limestone 
and  shale  strata  is  simply  wasted.  A  thousand  miles  thickness  of  pure  ice 
moving  over  a  bed  of  clay,  would  erode  it  no  more  than  a  thousand  miles 
of  water  would.  If  it  held  stones,  they  would  be  simply  embedded  in  the 
clay  and  left  behind.  If  they  moved  over  any  kind  of  solid  rock,  they 
would  simply  be  reduced  to  fine  sand  or  mud,  and  act  as  a  lubricating 
tnfifium,  pn)tecting  the  bed-plate  surfsiee  from  erosion. 

Kvery  glacier  must  slip  to  a  greater  or  less  extent  upon  a  lubricated  sur- 
face, consisting  principally  of  muddy  water,  or  watery  mud.  The  thicker 
the  glacier  the  more  of  this  lubricant  it  will  have  beneath  it.  The 
law  of  increase  of  temperature  descending  from  the  surface  must 
act  in  ice  »is  in  rock.  Where  the  bare  rock  surface  of  the  earth  has 
a  mean  temperature  of  32*^,  the  temperature  at  1000  feet  down  stands 
Jit.  say,  53^.  Were  a  glacier  3000  feet  deep  to  remain  for  a  century 
immovable  over  a  region  the  normal  mean   air  tcmpeniturc  of  which  is 
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820,— while  it  would  waste  slowly  at  its  surface  by  spontaneous  evapo- 
ration, and  more  rapidly  at  its  surface  by  solar  heat — ^it  would  waste  at 
its  base  also  by  the  Upward  transmission  of  earth  heat.  But  this 
waste  would  be  represented  by  so  much  water,  which  under  an  immova- 
ble glacier  would  form  a  lake.  Under  a  movable  glacier  it  helps  to  form  a 
river,  and  the  river  which  issues  at  the  terminal  surface  moraine  brings 
out  the  evidences  of  the  lubricant,  as  "mountain  meal.'* 

Every  glacier  must  be  made  cavernous  by  its  river,  and  along  the 
caverns  produced  by  the  river  and  its  branches  are  collected  and  de- 
posited or  rolled  forward  all  the  stones  in  tlie  glacier  while  those  upon  its 
surface  (or  melted  out  to  its  surface,  by  the  upper  waste),  ride  down  to  its 
lower  end. 

The  much  larger  jwirt  of  the  erosive  action  of  a  glacier  must  therefore  be 
of  the  nature  of  river  erosion  ;  while  a  certain  percentage  of  it  may  be  of 
the  nature  of  engraving.  But  if  so,  then  our  knowledge  of  river  erosion 
must  direct  us  in  the  investigation  of  glacial  erosion. 

Kiver  erosion  is  local  and  internipted.  Parts  of  a  river  bed  are  filling 
up,  while  reefs  and  barriers  are  being  cut  away.  So,  under  a  glacier,  the 
loci  of  erosion  must  be  few  and  of  limited  extent.  Beliind  these  the  * 
rolled  glacial  debris  are  covering  and  protecting  the  bed  rock  instead  of 
eroding  it.  Our  kames  show  therefore  not  only  that  Glaciers  are  feeble 
eroilers,  but  that  they  are  great  depositors  and  protectoi-s  of  the  earth  sur- 
face. 

We  may  go  one  step  further,  and  show  how  in  the  age  of  ice  the  usual 
erosion  of  our  topography  was  almost  stopped  and  forbidden  by  the  ice. 

For,  the  topography  of  the  earth's  surface  Is  evidently  due  to  rain. 
softening  the  surface — to  rills,  removing  the  softened  surface — to  brooks, 
sweeping  the  collections  made  by  rills,  down  through  the  bnwk-vales  and 
ravines  which  they  have  made, — until  the  ]>rocess  of  erosion  is  reduced 
to  a  minimum  where  river  deposfts  commence.  Hivers  never  erode,  except 
at  rock  barriers — or,  in  minless  regions,  where  they  siiw  strait  down, 
using  their  whole  d^ibris. 

Now,  in  the  ice  age,  the  ice-covering  protected  the  whole  country  from 
rain,  rill  and  brook  (?rosion,  and  the  pmcess  of  topographical  modification 
of  the  earth's  surface  ceased,  and  was  not  resumed  until  the  close  of  that 
age.  What  erosion  took  place,  must  have  been  exclusively  confined  to 
the  lines  of  suhglaeial  rivers  and  tlieir  l)ranches,  along  the  subglacial 
caverns.  In  a  continental  ice-fiow  crevasses  were  impossible,  except  along 
a  few  lines  of  escarpment. 

The  niin,  therefore,  in  the  ice  age  must  have  constituted  a  great  riseau 
of  superglacial  dminage  incapable  of  eroding  the  subglacial  toi>ography  ; 
in  fact  removed  from  it  hundreds  and  even  one  or  two  thousand  feet  from 
it  verlicrally.  If  the  Canadian  ice  had  a  surfaci;  slope  southwanl,  towards 
Penns3ivania  and  Ohio,  or  south- west  ward  up  liakeKrie  and  acn»ss  Illinois, 
then  mighty  rivers,  lieading  in  tlie  Laurcntian  mountains  and  the  Adiron- 
dacks,  must  have  flowed  for  a  long  time  over  the  upper  surface  of  the  ice 
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sheet,  southward  and  south-westward  into  the  Mississippi  valley — without 
affecting  the  previously  constituted  topography  beneath  the  ice — of  which 
previously  constituted  topography  the  Lake  Basins  were  an  essential  part 
and  grand  feature. 

Meanwhile,  a  totally  different  system  of  drainage  was  carrying  on  its 
work  of  transportation  beneath  the  ice  sheet,  in  an  opposite  direction, 
northward  (from  Pennsylvania  and  Ohio)  and  eastward,  through  the  lake 
basins.  But  this  lower  or  sub-ice  river  system,  deprived  of  dire4:t  alimen- 
tation from  rain,  must  have  been  inferior  in  volume  and  power  to  the 
upper  or  surface-ice  river  system  ;  although  it  may  have  received  here  and 
there  through  the  ice  sheet  considerable  accessions  of  surface  rain  water. 

I  do  not  wish  to  discuss  here  the  line  of  Prof  Spencer's  great  river,  nor 
the  claim  of  Prof.  Ncwberrj'  to  the  discover^',  years  ago,  of  its  debouche- 
ment,  via  tlio  Mohawk  and  lTuds<m  valleys,  into  the  ocean  at  New  York, 
except  to  remark  that  Prof  Xewberrj'^  does  not  seem  to  appreciate  Prof 
Spencer's  chief  difficulty.  It  is  not  that  the  rocks  appear  at  Little  Falls  ; 
hut  that  his  Ontario  river  ran  in  a  bed  more  than  780  feet  beneath  the 
present  level  of  the  lake,  and  therefore  more  than  900  feet  below  Little 
Falls,  and  the  demonstration  of  a  buried,  concealed,  old  river  channel 
nearly  lOiK)  feet  deep  anywhere  alongside  of  the  Little  Falls  ex^wsure 
seems  a  rather  hoi)eles8  task.  But  worse  than  that ;  the  Mohawk  valley 
east  of  Little  Falls,  is  barred  by  rock  ranges  300  or  400  feet  high,  through 
which  the  Mohawk  cuts  a  cailou,  where  its  bed  is  at  least  900  feet  above 
the  old  river  bed  in  the  lake.* 

I  wish  to  confine  my  remarks  to  the  feeble  erosive  power  of  the  Cana- 
dian ice-gheet,  as  a  particularly  iuefiicient  kind  of  glacier,  and  to  the  prob- 
able ix)ssibility  of  a  mathematical  demonstration  of  the  feeble  erosive 
l>ower  of  any  glacier,  even  in  the  most  favonible  circumstances. 

Taking  one  stone  graving-tool  as  the  differential  of  meann  ; — the  en- 
graving quality  of  that  stone  tool  (under  the  conditions  (a),  (b),  (c),  (d) 
above  stated)  as  the  differential  o^potnr  ; — and  the  d(.^l ruction  of  bed-rock 
by  that  stone-tool  during  its  life  as  a  tool,  as  the  differential,  of  t^ect  pro- 
dnccd,  i.  f..  of  erosion, — then, — to  obtain  a  transcendental  maximum,  wv. 
must  multiply  one  stone-tool  (in  area)  by  the  total  width  and  total  length 
of  the  ice  bottom  ;  /.  a.  we  must  stud  the  whole  bottom  of  the  glacier  with 
t<H>ls  ;  keep  them  all  at  work,  each  one  for  the  whoh?  length  of  time  of  its 
descent  from  the  upper  to  the  lower  end  of  the  glacier  ; — rej)lace  those 
that  are  lost  or  spoiled  by  fresh  ones  ; — and  cepeat  the  operation  during 
the  entire  life  of  the  glacier. 

It  is  evident  that  this  transcendental  maximum  if  it  cimld  be  calculated, 
would  be  of  little  value,  in  as  much  as  it  would  almost  inHniielv  exce<Kl 
the  actual  practical  erosive  power  of  any  given  glacier. 

But  it  would  be  the  best  starting  point  for  a  reasonable  discussion  of  the 
erosive  power  of  glaciers  ;  and  it  seems  to  me,  that  if  the  ciilcuhition  were 

•See  my  notes  to  Dr.  Spencer's  appendix,  at  the  end  of  White's  Report  of 
ITogreiw,  2d.  Oeol,  Sur.  of  I»a.,Q.  1,  iSMl,  p.  I(W. 
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made,  it  would  have  the  effect  of  putting  a  stop  to  much  of  that  vague 
babble  about  the  **immense"  ''enormous*'  "amazing"  influence  of  the 
ice  age  in  sculpturing  the  surface  of  our  planet,  which  has  in  some  respects 
demoralized  our  science. 

Had  the  age  of  ice  commenced  in  Laurentian  days  or  even  in  Permian 
times  and  lasted  until  now,  we  should  certainly  be  compelled  to  ascribe 
most  of  our  toix>gniphy  to  the  action  of  ic«.  But  as  the  ice  age  was  late 
and  comparatively  short,  we  must  consider  its  effect  upon  our  topography 
not  only  local  but  slight. 

The  second  line  of  argument,  therefore,  is  a  \cry  simple  one.  We  should 
enquire  first,  what  are  the  main  features,  tlie  characteristic  elements  of 
our  topography  ;  and  secondly,  whether  those  be  essentially  the  same  in 
the  glaciated  and  in  the  nonglaciated  regions.  If  we  find  them  to  be 
identically  the  same  in  both  regions,  then,  it  follows,  as  a  matter  of  course, 
that  they  cannot  be  ascribed  to  ice. 

This  line  of  argument  I  have  taken  numerous  occasions,  in  past  years, 
to  follow  out,  and  I  have  shown  that  the  great  lake  basins  of  the  north  are 
in  all  (but  one  respect)  topographically. like  the  great  valleys  of  the  south 
and  therefore  not  excavated  by  ice.  The  one  item  of  exception  is,  that 
they  have  been  more  or  less  filled  with  the  debris  of  the  ice  sheet,  and 
afterwards  with  water  dammed  in  behind  glacial  deposits.  So  far  from 
the  glacier  having  excavated  them,  it  luvs  simply  buried  them. 

The  argument  pursued  on  this  grand  scale,  repeals  itself  on  a  small 
scale  now  that  the  Terminal  Moraine  has  been  traced  across  the  mountains 
and  vallevs  of  New  Jersev  and  Pennsvlvania.  If  the  glacier  covered  the 
top  of  the  Khtatinuy  mountain,  for  example,  along  its  whole  course  from 
the  Hudson  to  the  Delaware,  and  for  some  miles  west  of  the  Delaware, 
and  did  not  cover  it  anywhere  along  its  whole  course  through  Pennsyl- 
vania, Maryland  and  Virginia  (and  these  facts  are  now  demonstrated) — 
and  if,  notwitliMJinding,  the  mountain  in  its  north-eastern  prolongation  is 
l>recisely  the  same  as  in  its  south-western  i)rolongation — it  follows  without 
argument  that  it  existed  in  its  present  form  before  the  ice  age,  and  was 
merely  a  little  ^andpitpercd  by  the  ice  during  the  ice  age. 

What  is  true  of  the  Kittatinny,  is  true  of  the  (Catskill)  Pocono  moun- 
tain plateau  behind  it,  an<l  of  the  Orwigsburg  or  Delaware  river  (Upper 
Silurian  and  Devonian)  valle\'  which  sejiaratesthe  two  ranges.  Across  this 
broad  valh*y  (the  analogue  of  Lake  Erie)  the  T(;nninal  moniine  runs  w*est 
of  Stroiidsburir.  The  topograi)hy  of  the  valley  east  of  the  moraine 
))reeisely  resembles  the  iopogra])hy  of  the  valley  wot  of  the  moraine, 
onlv  that  it  is  covered  with  drift  material  and  marked  with  scratches.  Of 
coui'se  the  valley  existed  before  the  ice  age.  and  the  glacier  merely  {xdished 
its  surfaces  and  prottcttd  parts  of  it  fmia  xnhHtqiunt  tro»iini  ;  just  as  the 
^\{\{i\o.v  proticti'dliih:  Eric  from  irosion,  while  it  scratched  the  islands  of 
which  Prof  Xewberry  speaks,  and  all  the  hard  outcn)ps,  around  it,  as 
described  bv  .Tames  Hall  in  New  York,  bv  Carll.  White  and  others  in 
IViiU'^vlvaina,  and  bv  Dr.  Xe.vvberrv  in  Ohio. 
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And  so  of  each  valley  and  each  mountain  successively  ag-cTn^  follows 

the  terminal  moraine  north-westward,  across  tlie  gorge  of  th^Xehigh, 

across  Hellkitchen    mountain,   across    Conyngham    valley.    Across  the 

Xesco]>ee  mountain,  across  the  Susquehanna  above  Berwick,  aciT>Sa-the 

Schickshinny  mountain,  near  its  west  end,  across  the  Muncy  hill8,'5iprn8s 

the  Alleghany  mountain  north-east  of  Williamsi)ort,  across  the  Loyalsocl^ 

ravine,  and  the  Canon  of  Lycoming  creek,  the  plateau  of  Potter  county, 

to  its  great  angle  north  of  Clean  and  Salamanca  in  New  York. 

Along  this  whole  line,  the  topography  to  the  east  (under  the  ice)  is' 

precisely  the  same  as  the  topography  to  the  west  (where  ice  has  never 

Ijeen)  and  the  only  distinction  observable  is  this  :   that  west  of  the  great 

moraine  there  is  no  drift  and  no  lakes ;   east  of  the  moraine  the  whole 

surface  is  sheeted  with  drift  and  spotted  with  ponds ; — and  all  the  scratches 

point  Routh -south- west  ward,  the  ice  evidently  having  moved  from  the 

Adirondacks. 

From  Salamanca  the  Terminal  moraine  has  been  traced  by  Mr.  Lewis 

aud  Mr.  Wright  as  a  nearly  straight  ridge  of  trash,  south-westward,  across 

^Vestern  Pennsylvania  to  the  Ohio  line  (near  Darlington)  13  miles  north 

of  the  Ohio  river  ;  the  scratches  all  pointing  S.  S.  E.  and  S.  as  if  coming 

wjuare  across  Lake  Erie  and  ascending  the  highlands  to  the  south  of  it. 

Nowhere  along  this  line  has  it  affected  the  topography  ;  it  has  merely  de- 

I^sited  drift,  and  choked  the  ancient  valleys  so  as  to  reverse  the  drain- 

*gc-    Mr.  Carll  has  pointed  out  the  noses  of  hill-spurs  which  he  tliinks 

were  sharpened  by  the  ice  ;  but  even  this  slight  modification  of  the  pre- 

<'xi8ting  topography,  occurs  at  places  lying  outside  or  to  the  south  of  the 

terminal  moraine,  and  we  must  therefore  find  some  other  explanation 
fur  it. 

It  Rcems  unreasonable  in  the  highest  degree  therefore  to  speak  of  the 
Pl'it'ial  erosion  of  Lake  Erie  and  Lake  Ontario,  when  it  is  evident  that  the 
>c«shK't  was  t)erfectly  ineom]>etent  to  erode  the  (iountries  whicli  it  in- 
^*d('d,  and  left  them  everywliere  precisely  in  the  topojrmphi^'al  con<liti<m 
•n  which  it  found  ihem ;  merely  scratching  their  rock  e.\]>()sures,  incumber- 

• 

'n?  and  pmbarassing  somewhat  their  lines  of  drainage,  spreading  a  slight 

^heei  of  drift  material  over  them,  and  tearing  a  fewblocks  out  of  the  looser 

outcrops  and  depositing  these  blocks  after  a  short  transit  ;  often  on  higher 

levels,  and  sometimes  on  much  higher  levels;    for  31  r.  Lewis  has  found 

Ih'Ucrburg  blocks  carried  completely  to  the  top  of  the  Kittatinny  moun- 
tain. 


•  • 
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Au*  Obituary  Ifotice  of  WUluim  E,  DuBois.    By  Robert  Bitterson, 

{JRiAd  before  the,  American-  Philosophical  Society,  yovember  IS,  ISSl.) 


William   Ewing  DuBois  was  born  at  Doylestown,  Pennsylvania,  De- 
'cijmber  15,  IftlO.     Through  his  father,  Rev.  Uriah  DuBois,  he  was  de- 
^••^  sQCndcd  from  Louis  DuBois,  a  French  Huguenot  of  honorable  extraction, 
•*  y-^fvho  emigrated  to  America  in  10(50,  seeking  freedom  of  religious  worship, 
••/•*  and,   in   ctmnection  with  others  of  his  countrymen,    formed  the  settle- 
•.      ment  of  New  Paltz.  Ulster  county,  New  York.     Through  his  mother, 
Martha  Patterson,  daughter  of  Professor  Robert  Patterson,  of  the  Univer- 
sity of  Pennsylvania,  he  inherited  the  Scotch-Irish  element  which  has 
•       exerted  so  marked  an  influence  in  the  development  of  our  country. 

The  fatlier  of  Mr.  DuBois  was  a  Presbyterian  clergyman,  in  charge  of 
churches  in  and  near  Doylestown,  and  was  Principal  of  the  Union  Acad- 
emy at  that  place,  a  classical  school  then  and  afterwards  of  high  repata- 
tion.  lie  was  greatly  respected,  both  as  preacher  and  teacher.  His  death, 
at  a  companitively  early  age,  left  a  large  family,  in  narrow  circumstances, 
to  be  provided  for.  The  kindness  of  friends,  but  above  all  the  energy  and 
devotion  of  the  widowed  mother,  lightened  the  weight  of  this  calamity. 
The  subject  of  our  notice  was,  at  this  time,  but  eleven  years  of  age.  His 
education,  already  begun  at  the  academy  under  his  father,  was  continued 
there  under  his  successor,  Rev.  Samuel  Aaron,  and  for  a  short  time  at  the 
once  noted  school  of  John  Gummere,  Burlington,  N.  J. 

The  bright  and  studious  mind  of  Mr.  DuBois  gathered  every  advantage 
from  his  opportunities,  and  altliougli  his  early  education  did  not  extend 
beyond  the  scliools  named,  he  was  well  furnished  in  the  classics  and 
mathematics  and  in  English  liteniture.  AVhile  yet  a  boy  he  develoj>ed 
a  freedom  and  capacity  as  a  writer  rpiite  remarkable  ;  was  a  frequent  con- 
tributor of  articles  to  the  county  papers,  and  aided  in  conducting  one  of 
them. 

Ills  oldest  brother  was  an  eminent  member  of  the  bar,  and  it  seemed 
fitting  that  Mr.  DuBois  should,  under  ids  guidance,  adopt  the  law  as  his 
profession,  lie  accordingly  pursued  the  usual  course,  in  the  meantime 
aiding  to  support  himself  by  literary  work  and  conveyancing,  and  was  ad- 
mitted to  pmctice  in  September,  18^52.  But  it  wa<*  not  permitted  him  to 
prove  whether  lie  could  attain  reputation  in  that  line.  His  course  was 
arrested  l»y  a  fatal  obstacle.  Always  somewhat  delicate  in  constitution,  he 
was  at  this  time  attacked  by  a  bronchial  disorder,  which  adhered  to  him 
through  lite.  It  so  far  ailectcMl  his  voice  as  to  unfit  him  for  the  legal  pro- 
fession, or  any  otlu;r  recjuiring  him  publicly  to  address  his  fellow-men.  To 
all  human  a])prelien^ion  this  was  a  calamity  that  dashed  every  hope  of 
eminence,  at  least  in  any  intellectual  field.  But  as  we  now  stand  at  the 
end  of  his  career  and  review  the  steps  by  which  he  gained  distinction,  we 
rather  persuade  ourselves  that  it  was  a  providence  constniining  him  to  a 
course  of  life  in  which  every  higher  (luality  of  his  mind  and  character  had 
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full  play,  while  the  physical  affection,  if  it  cauned  to  himself  some  sufTer- 
ing,  in  no  degree  hindered  his  success.  For  since  a  change  of  profession 
had  become  necessary,  he  accepted  an  appointment  in  the  Mint  at  Phila- 
delphia, and  thus  began  the  life-work  by  which  his  reputation  was  estab- 
lished and  made  firm. 

3lr.  DuBois  entered  the  Mint  in  September,  1883,  and  was  first  em- 
ployed in  the  office  of  the  Director,  Dr.  Moore.  In  1835,  at  the  request  of 
the  Assayer,  Mr.  Jacob  R.  Eckfeldt,  ho  was  transferred  to  a  more  con- 
genial position  in  the  Assay  Department.  Here  he  continued  for  the  re- 
mainder of  his  life.  In  1836  he  was  appointed  Assistant  Assayer.  In 
September,  1872,  he  succeeded  Mr.  Eckfeldt,  as  Assayer,  and  remained  at 
the  head  of  the  department  until  his  death,  July  14,  1881,  thus  completing 
nearly  forty-eight  years  of  Mint  service. 

For  the  special  branch  of  metallurgy  in  which  Mr.  DuBois  thus  en- 
)raged,  we  see  that  his  previous  training  had  not  prepared  him  ;  but  doubt- 
less he  had  been  marked  as  having  the  intelligence,  the  carefulness  and  the 
concentration  of  mind  required  for  this  work,  and  he  had  in  Mr.  Eckfeldt, 
as  instructor,  a  thorough  master  of  the  art.  It  is  certain  that  Mr.  DuBois 
early  took  rank  as  an  accomplished  assayer,  and  long  before  his  death  had 
reached  the  head  of  his  profession. 

I  have  referred  to  the  association  of  Mr.  Eckfeldt  and  Mr.  DuBois,  and 
it  is  fitting,  before  I  proceed  farther,  to  allude  to  the  singular  partnership 
in  the  labors  of  these  two.  The  close  intimacy  made  needful  by  their  offi- 
cial relations,  developed  into  warm  friendship.  The  tie  was  made  closer 
by  the  marriage  of  Mr.  DuBois,  in  1840,  to  Susanna  Eckfeldt,  the  sister  of 
his  chief  I  shall  liave  to  speak  of  published  works  and  scientific  commu- 
nications appearing  under  the  names  of  Eckfeldt  and  DuBois.  Although  it 
■was  understood  that  Mr.  DuBois  was  the  sole  literary  author,  yet  no  sepa- 
rate claim  of  authorship  was  made  by  either.  Whatever  of  reputation 
-was  earned,  each  was  contented  that  it  might  be  shared  by  the  other,  and 
jealousy  never  for  a  moment  weakened  a  union  that  bound  them  for  life. 

A  variety  of  circumstances  gave  importance  to  the  Assay  Department  of 
the  Mint  during  the  service  of  Mr.  DuBois.  Most  of  these  he  bus  himself, 
in  rapid  summary,  and  with  engaging  style,  set  before  us  in  his  obituary 
notice  of  Mr.  Eckfeldt  read  before  this  Society.  Considering  how  inti- 
mately he  wiis  associated  with  his  chief  in  the  labors  of  that  time,  the  de- 
tails thus  given  were  in  large  part  aut()-l)iogmi)hical,  and  I  shall  briefly 
recall  them  as  appropriate  to  this  obituary  notice. 

In  the  year  1834,  a  change  took  pliice  in  the  mtio  of  gold  to  silver  in  the 
standard  of  U.  S.  coins,  the  effect  of  which  was  to  bring  hirge  deposits  of 
gold  to  the  Mint.  The  coinage  previously  had  been  chiefly  of  silver.  The 
more  equal  supply  of  the  precious  metals  gave  active  employment  in  the 
assay  of  each  of  them,  and  was  of  course  most  valuable  as  an  experience 
to  Mr.  DuBois,  who  about  this  time  bec^ime  connected  with  the  Assay  De- 
partment. 

In  1837,  on  a  revision  of  the  Mint  laws  and  standards  brought  about  by 
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Dr.  Robt.  31.  Patterson,  then  Director,  a  reform  was  effected  in  the 
method  of  reporting  assays,  the  millesimal  system  taking  the  place  of  the 
time-honored  but  cumbrous  method  of  carats  and  grains.  About  this  time, 
also,  the  older  plan  of  assaying  silver  was  abandoned,  the  humid  assay 
being  substituted,  and  largely  worked  under  the  direct  supervision  of  Mr. 
DuBois. 

About  1838,  Bninch  Mints  were  organized  in  the  States  of  Louisiana, 
Georgia  and  North  Carolina.  The  labors  and  responsibilities  of  the  Phila- 
delphia assay  department  were  increased  by  this  development,  partly  from 
the  necessity  of  instructing  assayers  for  the  new  branches,  and  partly  in 
testing  the  correctness  of  the  assays  made  there. 

In  1848,  the  great  discovery  of  gold  in  California  was  made  known. 
This  brought  a  tremendous  pressure  on'overy  department  of  the  Mint,  and 
not  the  least  on  the  Assayers.  The  gold  coinage  was  in  three  years  raised 
from  a  little  over  three  million  dollars  to  more  than  sixty-two  millions.  The 
assays  were  often  counted  by  hundreds  in  a  day.  But  whatever  the  pres- 
sure in  the  oftlce,  accuracy  juled,  and  the  correctness  of  the  assays  was 
never  impeached. 

In  1853.  a  change  was  effected  in  the  law  for  providing  subordinate 
silver  coins.  This  brought  about,  for  some  years  succeeding,  an  unprece- 
dented coinage  of  that  metnl,  and  still  further  increased  the  labors  of  the 
Assay  Department. 

Shortly  al\er,  a  minor  coinage,  in  part  of  nickel,  was  established,  and  the 
assay  of  that  mtMal  became  a  ])art  of  the  nmtine  of  the  deparment.  The 
determination  of  nickel  alloys  was  not  well  laid  down  in  the  l)Ook8,  and 
the  assay  was  troublesome,  but  all  ditbcullies  were  overcome,  and  a  prac- 
tical method  introduced.  A  bronze  coinage  aft(;rwards  followed,  calling 
for  further  assay  processes. 

Finally,  and  after  Mr.  DuHois  became  principal  Assayer,  in  1872,  fol- 
lowed the  heavy  coinages  of  gold  as  a  consccjuence  of  the  Resumption 
Act,  and  of  silver  under  the  Silver  Act  of  1878.  These,  while  they  brought 
heavy  labor  and  responsibility  on  the  Assay  Department,  involved  nothing 
new  in  the  methods,  and  only  served  to  test  the  accuracy  and  system  of 
the  office  while  placed  in  his  charge. 

This  review  points  to  the  occasions,  connecting  Mr.  DuBois  most  directly 
with  the  Mint  by  his  official  action.  But  he  was  not  content  with  the  per- 
formance of  routine  duty.  More  than  once  he  has  quoted  as  a  rule  of 
action  a  saying  of  Palev,  that  "a  life  without  employment  is  a  life  not 
worth  living."  lie  was,  indeed,  never  i<lle.  "We  might  infer  that  the 
harassini:  labors  of  an  Assayer  would  i)rove  sulliciently  absorbing.  Yet 
not  long  after  he  entered  the  Assay  Department,  Mr.  DuBois  found,  or 
made,  the  time  for  engairing  in  other  tasks. 

One  of  the>(»  was   th(^  foundation  of  the  Cabinet  of  Coins  which  now 
adorns  the  Mint.     This  was  commenced  in  1h:w.     A  small  annual  appro- 
j)riation  was  i)rocured  from  Congn*ss  for  this  i>urpose,  and  the  work  of 
collection  commhted  entirely  to   Mr.  DuBois.     He  brought  to  it  all   the 
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enthiisiaAm  which  animates  most  numismatists,  sobered,  however,  by  good 

judgment.     His  expenditures  were  always  judicious.     Some  of  the  best 

of  the  specimens  were  culled  from  the  Mint  deposits  for  the  bullion  value 

nu*rely  of  the  pieces.   After  the  collection  had  taken  g<wd  shape,  and  been 

well  classified,  he  wrote  and  published  in  1840,  a  description  of  it,  under 

the    title  ''Pledges  of  History,'*  &c.     The  title  thus  selected  intimated  his 

opinion  as  to  the  real  value  of  such  collections.     He  thought  that  a  coin 

should  l)e  prized  for  its  historical   teaching,  or  artistic  merit,  and  dis- 

couriiged  the  rage  to  (>ossess  a  piece  simply  because  of  its  rarity.     Mr. 

DuBois  acted  as  Cumtor  of  the  Cabinet  until  his  death.     It  falls  short  of 

many  other  collecti<m8  in  numbers,  but  is  so  well  selected  and  arranged 

that  it  holds  high  rank  in  the  estimation  of  good  judges.    The  study  of 

numismatology  thus  begun  in  his  youth  he  ctmtinued  to  the  last,  and  was 

ranked  as  among  the  chief  masters  of  the  science  in  our  country.     He 

aMetl  to  it  a  special  study  of  counterfeits,  in  the  detection  of  which  he  be- 

caii^c  an  exi>ert,  and  was  able  to  give  much  valuable  information  to  the 

public. 

Another  important  lalior  undertaken  by  Mr.  DuBois  (in  connection  with 
^r.  Eckfeldl)  was  the  prepanition  and  publication,  in  1842,  of  a  "  Manual 
of  the  Gold  and  Silver  Coins  of  all  nations,  struck  within  the  past  cen- 
tury." This  was  a  work  of  very  great  labor,  and,  fnmi  its  expense,  of  some 
"^W  also,  to  the  authors.     It  is  admirably  arningcd,  the  information  clear, 
*n<l  it  embraced  everj*  subject  of  interest  at  that  date  as  to  coins,  bullion.' 
Cf>uiuerfeits,  &c.    Subsequently,  in  1850  and  1851,  supplements  were  pub- 
h**hc<l  covering  later  topics,  made  prominent  in  consecpience  of  the  Cali- 
t^'>rnia  gold  discoveries. 

Afjart  fn)m  the  above  more  ambitious  works,  the  occasional  writings  of 

^r.  DuBois  were  numerous,  and  continued  up  to  the  year  of  his  death. 

^^i*  papers  on  Numismatics  were  frequent  and  always  attractive,  his  last 

ftPlKanince  in  print  being  in  April  t)f  this  year,   in  an  article  on  "The 

^*<»inagc  of  the  Popes."     To  the  "American  Philosophical   Society"  of 

^'hidi  he  was  elected  a  member  in  1S44,  he  ma<le  various  coninumications, 

*>n  iKihalf  of  Mr.   Eckfeldt  aiid  himself,   mostly  on  topics  suggested  by 

^MH?ricnees  in  the  Assay  Department.     Among  the  most  curious  was  one 

•^f^  '*The  Xatunil  Dissemination  of  (iold,"  bv  which  wc;  were  astonished 

t"  l(-«ini  that  this  preci(Mis  metal  is  f(mnd   in  ai>preciable  quantity  in  the 

**'*ys  iinilerlyiiig  our  city. 

In  IHOft,  he  wrf)te.  for  the  Banker's  Maira/ine,  **  Propositions  for  a  Ue- 
^'''M^tl  Sysii'ni  of  Weights,  and  a  Restoration  of  tlie  Silver  Currency."  The 
"^vclopim.j^l  of  his  views  on  these  subjects  is  a  mo<l<"l  ol*  clear  exposition, 
anu  the  conclusions  rea(rhed  were  such  as  niiirht  be  expeeted  from  a  mind 
aiminsj  to  attain  pnictical  results  rather  than  to  imi)ose  vi>ionary  theories, 
luytiniemiiy  yet  come  when  these  views,  in  whole  or  in  part,  will  be 
<-'»"*»»Hlie«l  in'leirislation. 

I  refer,  with  some  hesitation,  to  other  writings  of  Mr.  DuBois,  since  they 
^^^  privately  printed,  and  carefully  reser\'ed  from  the  public  <'ye.    These 
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were  Genealogical  Kccords  of  his  father's  and  mother's  families.  It  hus 
been  well  said  by  Daniel  Webster,  that  "men  who  are  regardless  of  their 
ancestors  and  of  their  j)osterity  are  apt  to  be  regardless  of  themselves. 
Our  ancestors  belong  to  us  by  affectionate  retrospect ;  our  descendants  by 
affectionate  anticipation."  Some  such  sentiment  must  have  encouraged 
Mr.  DuBois  in  the  labor  involved  in  the  preparation  of  these  Records. 
They  were  written  with  perfect  good  taste  and  truthfulness,  and  set  a  gocnl 
example  in  a  branch  of  literature  tlien  novel,  but  m  these  latter  da3'8  not 
uncommon. 

I  have  now  traced  the  principal  occasions  bringing  Mr.  DuBois  before 
his  fellow-men,  but  cannot  bring  this  notice  to  a  close  without  referring  to 
some  other  particulars,  bearing  u|)on  his  diameter  as  an  officer  and  a  man. 

From  the  beginning  he  was  highly  esteemed  at  the  Mint.  It  wjis  his 
ambition  to  accpiire  a  knowledge  of  every  branch  of  the  service,  and  with 
liis  capacity  and  opportunities  this  end  was  attained.  He  early  l)ecamc  the 
trusted  friend  and  counsellor  of  his  colleagues,  and  was  able  to  serve  them 
in  many  ways,  perhaps  most  of  all  with  his  ready  pen.  As  time  passed, 
and  forty-eight  years  of  experience  was  given  to  him,  he  was  recognized 
by  all  as  the  Nestor  of  the  Mint  service. 

And  her(;  I  pause  to  draw  a  lesson,  from  the  example  of  Mr.  DuBois's 
life,  as  to  the  value  of  a  properly  organized  civil  service.  In  the  depart- 
ment with  which  he  was  connected,  i)olitical  tests  were  never  obtruded, 
and  permanence?  of  tenure  followed  on  merit.  On  no  other  basis  could  his 
services  havi»  been  claimed  or  retained.  Thev  would  have  been  transferred 
to  a  private  sphere,  probably  to  his  pecuniary  gain,  certainly  to  the  public 
loss.  Under  a  more  nilional  iK)licy.  lie  was  content  to  give  to  the  Govern- 
ment the  devotion  of  a  lil\;-tinie.  Proud  of  the  service  in  which  he  was 
engaged,  he  sought  to  tix  it  at  a  high  stjindard.  If  he  lent  it  reputation  by 
his  labors  and  varied  talents,  he  felt  that  this  was  for  himself  a  sufficient 
reward.  And  he  sought  further  to  elevate  \\w.  service  through  the  new  men 
brought  into  it.  giving  to  their  in^truction  an  int(?lligence  and  patience 
which  (hey  irratefully  remember.  But  if  lu;  spared  not  himself,  and  gjwe 
fn.'cly  of  his  time,  his  talents,  and  his  exp(Tieuce.  he  was  nevertheless 
si)aring  for  the  (lovernment,  cautious  in  public  exj^enditure,  scrutinizing 
the  smallest  details,  and  never  i>ermitting  an  extravagance. 

We  have  seen  that  Mr.  DuBois  appeared  on  many  occasions  as  an  author. 
It  is  to  be  regretted  that  these  were  not  nion*  frequt^nt,  for  his  style  had 
singular  nu-rit.  Whatever  was  the  matter  treated,  he  attracted  and  held 
you  to  the  end.  Then*  was  a  certain  (juaiiitness.  a  vein  of  humor,  whifh 
croi)ped  out  in  the  most  unexpected  way,  and  all  the  more  charming  from 
the  contrast  with  the  otherwise  ilrv  theme  uiuh*r  discussion. 

In  personal  appearance'  Mr.  DuBois  was  tall  and  spare,  showing  mark.< 
of  the  delicati^  health  to  which  he  was  subject  from  early  manhood.  His 
features  were  regular,  his  eyes  dark  and  brilliant,  his  countenance  habit- 
ually grave,  but  easily  lighte<l  to  kinelly  expression  in  the  interccmrse  witli 
frien<ls.     He  was  detcMTcd  by  the  vocal  difficulty,  of  which  I  have  si>oken. 
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from  seeking  society,  hut  he  enjoyed  it  when  it  came  in  his  way,  was  a 
good  listener,  ohservant,  and  with  a  keen  sense  for  the  humorous  side  of 
things.  He  was  very  accessible,  and  ever  ready  to  lend  aid  from  the  stores 
of  his  knowledge,  but  in  particular  did  he  delight  to  instruct  and  bring  for- 
ward his  younger  friends. 

I  am  happy  to  close  this  notice  by  speaking  of  the  deep  religious  faith  of 
this  dear  friend.  Before  reaching  manhood,  he  consecrated  his  life  to  tlie 
8er\'ice  of  Gixl,  through  Christ,  and  never  afterwards  wavered  in  his  tru>t. 
nis  belief  was  to  him  a  source  of  perennial  joy,  and  he  did  not  fail  in  the 
duty  of  trj'ing  to  bring  others  to  share  in  the  faith  which  was  the  life  of 
his  life.  No"  stress  of  labor,  no  onlinarj'  worldly  interests,  checked  the 
spiritual  meditations  of  this  earnest  man.  Since  his  death  there  have  ccmie 
to  light,  before  kept  secret  from  his  own  family,  volumes  covering  a  perio<l 
of  nearly  fifty  years,  embodying  mainly  his  religious  thoughts,  and  laying 
liare  his  soul.  I  confess  that  it  is  with  a  certain  awe  that  I  have  read  the.sc 
utterances,  voiced  as  it  were  from  the  gnivc*.  Here  the  whole  man  is  seen, 
and  the  completeness  of  his  character  made  clear. 

Mr.  DuBois  was  able  to  fulfill  his  oflicial  duties  until  within  a  few  months 
of  his  death.  lie  was  fully  conscious  of  his  approaching  end.  pres(Tving 
his  intelligence  to  the  last,  and  the  faith  which  had  comforted  him  in  this 
life  supported  him  at  its  close.  He  left  surviving  him  a  •widow,  two  S(ms, 
and  one  daughter,  who  have  in  the  memory  of  hiswellsj)ent  life  a  bhissed 
inheritance. 


NoU  on  the  Liramie  Group  in  (he  riclnity  of  Utton,  Nur  }f.xico.     By  John 
J.  StecenMon,  Professor  of  Otolof/y  in   the   Unirt  rnity  of  the  City  of  Nut 
York. 

{Read  hcforetJie  American  PhilosophienI  Society,  D>ennhvr  .:,  JSSl.) 

R:iton.  X<'w  Mexico,  is  an  important  station  on  the  .Xtfhison,  Topcka 
and  Santa  Fe  Uailn>ad.  at  about  five  miles  south  from  the  Colorado  line. 
It  stands  on  the  Canadian  plain  iminpdiat<*ly  south  IVoiii  the  l>a>all-cai)ped 
Raton  plateau  (the  Chicorica  mesa  of  HaydcMrs  map  of  Color.ulo),  and  at 
the  foot  of  the  Laramie  blutl,  which  form*;  the  we<t<frn  bouiulary  of  the 
plain.  The  canon  of  Willow  creek,  follow<Ml  by  the  railroad  from  the  Colo- 
rado  line,  opens  at  little  more  than  a  mile  north  from  Raton.  Dillon's 
caiion  and  that  of  the  Upper  Canadian  optMi  toi^ether  at  banly  two  niile> 
south-west  from  the  station,  while  petty  canons  notch  the  face?  of  the  lilnlf 
at  irregular  intervals. 

The  lower  beds  of  the  Laramie  irroup  are  fairlv  w«'ll  shown  at  nianv 
places  along  the  bluff  as  well  as  near  the  moMih>;  of  the  larjrer  eafunis. 
During  1881,  the  Atchison,  Topeka  and  Santa  Ke  Railroad  Company  ni.nle 
extensive  examinations  of  the  Dillou  cool  bed,  eool  h*d  A  of  the  writer's 
generalized  section,  which  exhibit  the  structure  of  the  bed  far  belter  than 
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'Ij'l  ih*r  natiinl  r:xf>'i-ure*  «l<;srrif>e'l  in  the  wrili»r's  report  on  his  explon- 
liorM  of  1x7s.*  Tii#:  fii*ra«.iirr;mtnts  iiia»le  at  the  c-ompany*s  openings  are 
Kiv*'ii  li'-rr-  ;i-  '•ii)ip](rinf'ntiii<r  thr-  obs*'n';ttions  d<rtailed  in  that  rolume. 

Til'-  />///'///  i-  !h'-  low<f^i  |K;r-i'«t'ni  ronl  bid  found  in  the  Trinidad  coal- 
fi'ild,  and  i-  -f  pa  ".'it*' I  from  thrr  JIilf//n^niU9  ntiudntont.  by  but  five  lo  ten 
ftj"t  of  r\\:\\f.  An  opening  on  T'osil  canon,  tributary  to  that  of  the  Upper 
(^':in:idian,  -bovvs  th«:  followinir  sfctiori  : 

1.  Co.il 0'    :i  "  to8" 

2.  Sh:ib- 3'  lo4'    0  " 


0'  8  " 

0'  1  " 

0'  <)  " 

{)'  1  " 


1 


(V  7i' 

0'  a\" 

(V  G  " 

0'  j  ''  to  4" 

V  :5  " 

0'  1  "  to  4"^ 

0^  10  " 

()/  4  // 


5'  V 


\ 


A.  ('on\ 

4.  Shall- 

5.  <'i,a\ * 

r..  Shah- 

7.  ^W/ 

M.  ^  V//  and  S'lndv  clav 

0.   rv,,// 

10.   Slialr 

II.  rnd 

1-.'.  Sliali- 

\\\.    Coiil 

14.    Honv  '''nil 

« 

No.  IJ  soiiwtiiiH'M  falls  \{\  1  iiK'hcs.  rJk(;  No.  5,  it  contains  some  good 
coal,  but  uiili  it  is  not  a  liltlc  bony  stud,  and  the  whole  is  strongly  pyri- 
luuM.  No>.  1,  <>  and  1'^  an*  hard  pyritous  clays.  Xos.  8  and  10  lire  sandy. 
Monictiiiws  luM'uniin'.:  lianl  sandstone.  Xos.  7  anil  9  arc  fairly  good  coal, 
hut  i-niilain  liindrrs  and  <liaironal  ^(rcaks  of  sainlstonc,  which  make  them 
utliTly  worihlr^s.  Nos.  11  an<l  U  arc  bony  stulf,  but  No.  13  is  excellent 
<"oal. 

Tlii'^  opi-nini:  is  rviil«-nily  on  I  lie  upjuT  divi>ion  of  the  bed.  The  lower 
j|i\i*ioii  i«4  n(»i  rxpti-.rd.  Anoilicr  oiM'uinir  was  run  in  the  C^madian  cannon, 
wlnH' riiirirs  |i:nl  Ikm'm  drivt'M  in  both  divisions  of  the  bed.  The  lower 
dixi.inii  h.io.  li\i*  h('uelir>.  all  of  w  liieli  vl«'M  <'o.il  with. much  ash.  No  new 
fr.itun's  \\v\r  Nffu  ill  the  upjMT  di\  i>ioM.  The  rlay  ovi'dvinjr  the  bed  here 
i?*  full  of  leaf  inipn.-NJoiis. 

A  '^rrtitui  wa**  «ibiaineil  in  Dillon's  c:inon  at  a  th-serted  opening,  juslbe- 
|ii\v  l>illou'>;  laiuli.  This  i^  tlr<erilMd  in  the  writer's  reiH)rtf  Ujxm  this 
rci'.ion.  but  the  uM-:isun'nient>  an*  npcated  here  to  show  the  general  struc- 
ture of  the  hid.      Thr  section  is 

I  pprr  ili\  isjon 4'  4" 

( 'arbouMct'iius  >hal<" 0'    4" 

('.•■»■ 2'  UV 

Shnl,' {V    A" 

<',../' 0'  10" 

•  I"   s  iM-.>'4r:»pltli«al  Sur\e\.  wo^t  of  [  lie  hH>ili  Moriiilan,  Vol.  ill.  Supplement. 
No%^  p.tsviMt;  Miroti};li  tlio  pross. 
t  l.v'O.  1*1 1,  p.  'r.\ 
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Clay  shale,  drab 

Lower  dmsion 

Goal 0'  10" 

Parting 

Coal 

Parting , 

Ctml , 


2' 8" 
4/7// 


0'    8" 


V    7 


// 


Clav 1'    0" 


Coal. 


0'    « 


// 


The  outcrop  coal  is  not  altogetlu^r  promising  in  appearance,  and  has  a 
decidedly  slaty  structure.  Some  of  it  was  tried  on  a  locomotive,  but  it 
burned  much  like  rotten  w^ood.  Prospecting  entries  were  driven  into  the 
sound  coal  at  a  little  way  below  the  old  opening.  T\\v  quality  improved 
rapidly  as  the  entries  advanced,  and  a  locomotive  test  of  the  sound  coal 
proved  as  satisfactory  as  that  of  the  crop  coal  had  proved  unsatisfactory. 
Extensive  mining  operations  were  begun  here  in  June  of  1881. 

Many  prospecting  pits  were  digged  north  from  Dillon's  canon  along  the 
blutr  fronting  on  the  plain,  but  none  of  these  reached  sound  coal. 

Fulbritc  &  Comi>any  made  an  opening  in  the  Dillon  coal  bed,  at,  say, 
a  mile  and  a  half  north-west  from  liaton.  They  mined  only  t*ie  upper 
division,  which  has  the  following  structure  : 

1.  Coal 0' 11 

2.  Sandstone 0'    0^ 

3.  Coal V    1 

4.  Parting 0'    0} 

5.  CqoI 0' 


// 
// 
// 
n 
n 


6.  Parting 0' 

Coal 1' 


I. 


8 
0  1  f 


4'  \\" 


The  coal  of  Xos.  1,  3  and  5  is  compact,  though  in  part  of  slaty  structure, 
and  is  an  excellent  fuel.  The  ash  is  bulky  but  powdery.  Xo.  7  breaks 
iu»ich  like  cannel,  and  in  appeanince  is  fully  oqual  to  some  of  the  Penn- 
sylvania caunels  which  are  thought  to  be  gooil  marketable  coals.  It  gives 
a  long  quick  Ilame,  and  yields  a  bulky,  powdery  ash.  This  bench  is  somi-- 
tinies  iKvrted  near  the  middle.  The  hiwer  division  of  the  bed  is  not  well 
exposed,  but  as  nearly  as  can  be  determined,  its  thickness  is  W  inches- 
near  the  mouth  of  this  pit. 

An  opening  near  the  mouth  of  Willow  creek  canon  shf)wed  : 


// 


1.  Coal (r  n 

2.  Parting 

3.  Coal 0'  10  " 

4.  Parting 

5.  Coal {)'    7i" 

fi.  Parting 

7.  Coal 0'    0  /' 

8.  Parting 

9.  Coal 0'    9  '' 


'V  7J'' 
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This  also  is  on  the  upper  division,  and  the  features  are  very  similar  lo 
those  observed  at  the  Fulbrite  opening.  At  the  time  of  examination,  the 
entry  had  been  driven  79  feet,  but  sound  coal  had  not  been  reached  as  the 
hillside  is  vorj'  badly  slipped.  Another  opening  was  run  at  a  little  dis- 
tance further  up  the  cailon.  There  theiower  division  is  Insignificant,  and 
an  entry  had  been  driven  nearly  60  feet  in  the  upper  division,  which 
showed  : 


1.  Coal 0'6'Mo8" 

2.  Sandstone  parting 0' 1"  to  2" 

il.   Coal 0'7" 

4.  Clay  and  sandstone OM''  to  2" 

5.  Coal O'H" 

0.  Bony  coal 0'  2"  to  iV 

7.  'Coal OT)" 

H.  Bony  coal OM"  to  2" 

9.    Coal 0'  4'Mo  (>''  J 


2'  U"to3'7" 


2'  Hi" 


The  quality  of  the  coal  varies  materially  in  the  several  benches.  It  all 
burns  readily,  and  yields  a  powdery  ash.  No.  7  and  9  are  liked  for  use  as 
domestic  fuel.  At  anotluT  opening  further  u])  the  canon,  the  lower  divi- 
sion is  worthle-ss,  and  the  mining  was  done  on  the  upi)er  division,  which 
shows  : 

1.  Coal 0'  6i" 

2.  Partin  g 

8.  Coal 0'    V)" 

4.  i*arting -  — 

r».    Coal 0'  0  " 

<>.  Parting 

7.    Coal ()'8  " 

5.  Parting -  — 

9.  Cool ()/  9  "  , 

I'nlike  tin*  other  pits,  this  shows  no  good  coal,  and  the  whole  bed  is 
more  or  less  bony.  The  last  o]»ening  exannneil  is  at  nearly  two  miles 
from  Raton,  and  very  near  tlie  last  exposure  of  the  bed  in  this  cafton.  Xo 
exposure  of  the  roeks.  eitlier  above  or  below  the  bed.  was  tound,  but  the 
structure  at  this  opening  is  scHlilFi-rent  from  that  observed  at  the  other  pits, 
that  there  is  no  room  for  doubting  that  tliis  i>  the  lower  division.  The  sec- 
tion is  : 

1.  C>al 0'  Ay 

2.  Shale 0' 21"  to  4'' 

:i.    foal 1'  ;{"  to  9" 

4.  Shale 0'  5  "  to  i<" 


5. 


.V  to  2'  10}" 


Coal 0'  9  " 

Xo.  1  burns  well,  but  is  very  bony,  and  the  ash  consists  of  angular  frag- 
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inents.  No.  3  leaves  a  powdery  ash,  but  it  is  pyritous.  Nos.  2  and  4  vary 
at  Its  expense.  No.  5  is  merely  a  coaly  shale.  The  roof  is  irregular,  and 
rolls  or  horsebacks  cut  out  much  of  the  bed. 

The  coal  from  the  Dillon  bed  is  far  from  being  such  as  is  obtained  from 
the  standard  beds  of  the  Appalachian  tield,  but  it  is  fully  equal  to  that 
from  many  beds,  which  is  used  as  domestic  fuel  over  large  areiis  of  our 
country.  That  from  the  openings  in  Dillon's  cafion,  from  Fulbrite's  open- 
ing and  from  one  opening  in  Willow's  creek  caiion  is  a  good  domestic 
fuel,  superior  indeed  to  that  from  the  Waynesburg  coal  bed  in  Southwest 
Pennsylvania,  which  is  an  important  source  of  supply  for  an  extensive 
area.  The  ash  docs  not  exceed  15  per  cent.,  barely  one-half  more  than  the 
amount  contained  in  much  of  the  Coniiellsville  coke.  This  bed  will  be- 
come imiwrtant  to  the  region  along  the  Atchison,  Topeka  and  Santa  V6 
liailroad.  which  is  cut  olf  from  the  Trinidad  bed  at  Trinidad,  by  the  difti- 
cult  grade  between  Trinidad  and  Raton  pass. 

Another  bed,  probably  Ci)al  bed  If  of  the  writer's  generalized  section, 
has  been  mined  to  some  extent  near  the  head  of  Willow  creek  cjtnon.  The 
bed  was  opened  somewhat  more  than  a  year  ago  by  Mr.  Pettigrew,  who 
hauled  the  coal  to  Raton.     The  section  at  the  Pettigrew  opening  is  : 

1.  Coal 1'  0  " 

2.  Shale V  0  " 

3.  Coal 2'  2  " 

4.  Sandy  shale  0'  1^"             i  5M0" 

5.  Coal 0'  10  "to  8" 

6.  Sandy  shale 0'  1  " 

7.  Coal 0'  8  " 

No.  1  is  slaty,  and  streaks  of  coal  occur  in  No.  2.  The  cOal  from  No.  3 
is  clearly  the  best  found^within  several  miles  of  Raton.  It  leaves  a  some- 
what bulky  ash  and  c^mtains  some  pyril(\s  but  it  is  a  strong  fuel,  and  ad- 
mirable for  steaming,  a«  has  been  proved  by  tests  on  locomotives,  where 
it  wurked  better  than  the  Trinidad  coal  does.  It  is  preferred  also  for  do- 
mestic purposes.  The  eoal  from  N<>.  5  is  but  little  inferior  to  that  tVom  No. 
3,  and  the  two  benches  were  mined.  \o.  7  yields  a  coal  wliich  is  liardly 
equal  to  that  of  the  other  two  benches.  The  bed  is  somewhat  twisted  in 
this  mine.  A  sudden  dip  was  found  at  a  short  distantre  from  the  mouth  of 
the  pit,  which  continues  for  somewhat  more  than  t(?n  vards,  bcvond  which 
the  miners  did  not  follow  it. 

The  railroad  company  has  opened  an  extensive  mine  at  a  little  way  fur- 
ther down  the  Ciiilon.  The  measurements  there  are  almost  exactly  the 
same  as  in  the  Pettigrew  opening. 


Lewis.]  11^  [Deo.  2. 

On  a  New  Substance  resembling  Dopplerite  from  a  Peat  Bog  at  Scranion. 
By  Henry  Car  pill  Leicis,  Professor  of  Mineralogy  in  tlie  Academy  of  Nat- 
vral  Sciences  of  Philadelphia. 

(Read  before  the  Anuriean  Philosophical  Society,  December  2,  ISSI.) 

In  the  course  of  an  excavation  for  a  new  court -house  at  Scmnton,  Pa., 
made  last  .luly,  a  very  hitercsting  substance  was  discovered,  specimens  of 
which  were  sent  to  the  writer  at  that  lime  for  invest iiration.  The  excava- 
tion cut  throuj^li  a  peat  boi:?,  and  it  was  at  the  bottom  of  this  bog,  some  25 
feet  from  tlie  surface  of  the  grouud,  that  the  substance  here  referred  to 
was  found. 

It  appears  that  fonnerly  there  had  been  a  lake  or  swamp  at  this  place, 
whicrh  with  the  extension  of  the  town  had  been  filled  up.  Below  eight 
feet  of  cinder  and  other  rubbish  tlierc  is  a  bed  of  peat  10-12  feet  in 
thicrkness.  The  peat  is  said  to  be  a  good  fuel  after  drying.  Beneath  the 
peat  is  a  deposit  of  "swamp  muck"  or  carbonaceous  mu<l,  which  dries  to 
a  hard  couipm-t  .irray  mass,  burning:  with  dilhculty.  In  this  "muck" 
are  numerous  plant  remains  and  occasional  se<*ds. 

The  wbok*  dej^osit  rests  upon  glacial  till  or  "hardpan,"  and  is  therefore 
of  post-jrl:i("ial  (»rigin. 

Scranton  is  in  the  glaciated  portion  of  the  State,  and  the  peal  bog  found 
here  is  one  nf  th»*  many  whirb  owe  tlnMr  origin  to  glacial  causes.  These 
[>eat  bogs  bav(-  been  formed,  for  tlie  mo-t  part,  in  former  swamps  or  lakes 
caused  by  llie  damming  uj)  of  .streams  by  ridg«"S  of  drift  deposited  at  the 
time  of  tlu*  mrlting  of  the  ;:laeier. 

Near  the  bottcMU  of  the  Scninton  peal  boLT  mh-  irregular  veins  rdle<l  with 
a  blaek  iejlv-like  sub-^tanee,  e]a-^tie  to  tlie  touch.  Tin-  vein<  (»f  this  sub- 
stance.  ^^  liicli  are  confined  tn  tin'  muck  abo\«»  de«»cribcd.  varv  in  width 
from  :i  mere  >iain  to  betw(;en  two  und  tliHM'  inciie>,  and  make  all  angles 
Willi  tlie  iiori/on.  iM-ini:  frccpirntlN  ne;irly  pcrpi'ndicular. 

The  >ub^t;ince.  a>^  tiniN  tound,  ha^  ilie  ibllnu  inir  jiroperties  :  AVhen  first 
Taken  from  liu"  irrouml  it  i>  jell v  like  in  «'on>i<t<'ncv.  breakinir  with  a  con- 
clioidal  fntcMir<".  :uid  having  a  hnrilni--^  of  le-<  than  1.  Immetliately  on 
exposure  :o  tlw  :tir  it  bee«)me.-  toiii'lnr  and  more  i'la>tic.  roendding  India 
rubber.  It  m:iy  be  pn-«rvril  in  thi^  condiii(»n  if  krpi  in  alcohol.  Thi» 
»iub-;;:ince  is  hlai  k  by  rdhcti'd  liirht.  When  a  thin  <l!ce  cut  by  a  knife  is 
ex:imiin'd  under  the  niicro>cn|)i'  it  :ippe:irs  browni>h-red  by  tr.insinitte<l 
liiilit.  and  i^  nearlv  hoinoi:(  nrnu^  in  ch:iraclcr. 

Ocr.vsional  mm  d- occ-ur  in  thi^  suli>tance  a^  well  ;i>  in  the  surroundiiis: 
peaty  ni.iTi«T.  In  general  apixaranct!  tlu'v  rrsiMuble  the  ^e^•ds  of  certain 
( 'yjH-racr  1-.  I'ndcr  tin.'  micro«.<opi'  their  ^^urlace  i>.  st'vn  to  l)e  curiously 
marked  with  irn-uular  wavy  outline^.  Protes>or.I.  T.  Ut)ilir»tck  has  been 
kind  <-noui:h  !<»  make  s<mih'  sections  of  the.'^e  seed>  and  reports  concerning 
them  that  tliry  have  the  characters  of  spores  of  one  of  the  higher  cryi>to- 
gams.  jirobably  M-irsiliti.  lie  states  that  Marsilla  i^  a  bog  plant  which  is 
found  diirinir  later  getdogical  time,  and  that  the  general  shape  and  size  of 
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its  fruit  corresponds  with  that  of  the  specimens  under  examination.  The 
outer  coat  is  made  up  of  outwardly  pointing  prismatic  columns,  the  ex- 
tremities of  which  gives  the  peculiar  wavy  appearance  seen  on  the  surface 
of  these  peat  scedn.  Yet  since  the  interior  hag  and  its  contents  can  be  reduced 
neither  to  an  embrvo  nor  to  the  interior  structure  of  tlie  Marsilia,  it  is  not 
possible  to  assign  these  seeds  definitely  to  that  species.  Xo  other  recog- 
nizable organisms  have  been  noticed  in  the  substance  here  described. 

The  black  jelly  is  tasteless  and  odorless.  If  idaccd  in  the  flame  of  a 
Bunsen  burner  before  drying,  it  burns  slowly  and  without  flame.  It  is 
almost  insoluble  in  water,  alcohol  or  etlKT,  but  is  almost  completely  dis- 
solved in  caustic  potash;  and  from  the  <lark- brown  solution  thus  fonned 
may  be  precipitated  in  reddish-brown  flocculent  masses  by  the  addition  of 
an  acid. 

After  exposure  to  the  air  until  completely  dry,  the  substan(.'e  becomes 
brittle,  and  nearly  as  hard  as  coal.  In  this  condition  it  resembh*s  jet  or 
some  of  the  varieties  of  lignite,  and  might  readily  be  mistaken  for  tho.se 
sul)9tances.  It  acquires  a  hardnes.**  of  2.o,  and  has  the  brilliant  resinous 
lustre,  and  conchoidal  fracture  of  tru(;  coal. 

It  has  a  specilic  gravity  of  1.032.  It  is  jet  black  in  the  mass.  ])ut  in  pow- 
der is  dark-brown.  It  now  burns  with  a  clear  yellow  flame.  Soaking  in 
water  will  not  soften  it  appreciably.  In  the  cl<>'=ied  tube  it  gives  oil  water, 
and  abundance  of  brown  oil  and  emi)yreumatic  vapors.  The  latter  are  in 
the  form  of  a  white  smoke  which  can  be  lighted  at  the  end  of  the  tube. 

In  solubilitv  it  is  like  the  undried  substance.  Hot  alcohol  dissolves  a 
small  porti<m,  and  forms  a  pale  yellow  .'lolution.  On  treatment  with 
caustic  iM)tash  it  dissolves  completely,  witli  thr  i*xc<*ption  of  an  extn'uiely 
slight  residue  of  impurities.  It  will  <lissolve  even  in  tlu^  cold.  This  test 
serves  to  distinguish  the  dried  substanc*'  from  brown  coal  or  lignite. 
which  are  but  partially  soluble  in  alkalies. 

A  very  .slight  trace  of  ammonia  is  given  ofl  on  heating  with  caustic 
potash.  By  dissolving  in  a  standard  solution  of  alkali  and  titrating  with 
standard  acid,  it  is  found  that  the  substance  has  an  acid  reaction.  It  is 
llK-refore  <*ither  an  organic  acid  or  a  mix  tun*  of  such  acids. 

The  physical  characters  of  this  substance  an-  closely  allied  to  Do}tpUn(t\ 
but  its  chemical  composition,  as  will  be  seen  from  its  analysis,  prove  it  t») 
be  an  undescribed  substance. 

Mr.  John  M.  Stinson,  of  the  Seconil  (ieological  Survev  of  Pennsvlvnnia. 
has,  at  the  recjuest  of  the  writer,  kiuillv  made  the  following  analysis.  The 
substance  was  carefullv  separated  from  the  surroundiuij  earthy  uiaterial. 
and  dried  at  212-  F.  before  analysis,  (^arlxm  and  hydrogen  were  de- 
termined  in  duplicate,  the  two  determinations  closely  agreeing: 

Carbon 2H.9S0 

Hydrogen 5. 1 72 

Nitrogen 2.^5(5 

Oxvgen no.Ds:? 

Asii. r».400 

10(). 
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Approximate  analysis  of  tlie  dry  separated  material  gave  : 

Volatile  matter 72.190 

Fixed  carbon 21.410 

Ash 6.400 


100. 

Subtracting  the  amount  of  ash  from  the  first  analysis,  we  have 

C 30.971 

TI 5.52f5 

04- N 63.503 


100. 

From  this  we  may  dtjduce  the  empirical  formula  CiolL^Ou.     This  for- 
mula would  yieUl  the  calculated  composition  : 

C 30.15 

II 5.53 

0  H-  N 64.32 


100. 


In  giving  the  above  formula,  it  is  by  no  means  assumed  that  it  represents 
a  simple  mineral  substance.  It  is  merely  a  convenient  expression  of  its 
composition.  It  is  probabb*  that  the  substance  here  described  is  a  c^OIn- 
phw  organic  'Ac'u\  containing  water.  The  nitroiren  may  possibly  exist  as 
ammonia.  The  small  amount  of  carbon  and  the  excess  of  hydrogen  dis- 
tinguish this  sul)^tarn"e  from  other  organic  acids.  By  the  subtniction  of 
NII4O,  and  one  or  more  jKirts  of  IIJ)  from  the  formula,  it  may  be  more 
closely  al]ie<I  to  some  of  the  organic  a<'i(ls  which  form  ITumic  acid,  the 
formula  of  whi<h  i<  so  variniislv  i^iven  bv  different  autlu)rs.  The  deternii- 
nation  of  the  true  formula  of  the  acid  liere  analv/.iMl,  can  onlv  be  determined 
after  the  formation  of  an  organic  sail  with  lead  or  silver.  The  absence  of 
any  exact 'know  ledge  <'oncerning  the  comixtsition  of  the  organic  acids  ex- 
isting in  humus,  as  recently  shown  by  .lulien.*  renders  it  difllcult  to 
e\'pre<s  definitely  the  chemical  relation^  of  the  substance  under  discussion. 

The  relation  which  it  bears  to  its  nearest  ally.  Dopplerite.  may  best  be 
^een  after  a  review  of.  tin*  facts  as  vet  irathered  about  that  curious 
mineral. 

Tin*  min«'ral  known  bv  that  name,  and  ^rencrallv  regarded  as  allied  to 
Humic  acid.  wa<  first  found  in  a  pr-at-bog  near  Aussee.  Austria,  at  a  depth 
of  fJtoS  tert  below  the  ^urla<-e.  It  wasabhuk  g<'latlm)us  substance,  known 
by  the  peat  cutters  i\>i  ''  Mffdirm/httftin^,"  which  after  exposure  to  the  air 
becauje  at  first  elastic  and  afterward**  brittle,  assuming  the  lustre  of  coal. 
Doppler  drew  attention  to  this  substance  in  a  paper  entitled  "On  a  re- 

'  Proc.  A.  \.  A.  S.,  1S7«J  p.  311. 
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markable  gelatinous  subslnncc  discovered  in  Austria,"  read  before  tlie 
Vienna  Academy  in  1849,*  and  stated  that  it  was  nearly  insoluble  in 
water,  alcohol  and  ether,  but  almost  entirely  dissolved  by  caustic  potash. 
Having  been  referred  to  Ilaidinger  and  Sch rotter  for  further  examina- 
tion, it  was  fully  described  and  named  by  them  a  week  later.  Schrotterf 
found  its  composition  to  be  (after  drying  at  212^  F.) : 

C, 48.06  or  without  ash 

H 4.93  C 51.03 

0 40.07  H 5.34 

N 1.03  0+  X...  43.03 

Ash 5.80 

Ilaidinger  named  the  substance  and  described  its  phj'sical  properties. 
lie  slated  the  observation  of  L6we  that  it  burned  without  flame,  and  that 
«>f  Ettinghausen  that  it  contained  recognizable  vegatable  organisms. 

In  185H,  GumbelJ  announced  that  a  subsUmce  v(;ry  similar  to  Dopplerite 
occurred  in  a  peat-bed  near  Bcrchtesgaden,  Bavaria.  Like  the  substance 
fn>m  Scninton,  a  black  jelly-like  substance  was  foun<l  as  irregular  and 
sometimes  nearly  vertical  veins  of  varying,  but  slight  thickness,  in  the 
lower  part  of  the  peat.  It  was  known  as  Peat-Pitch-Coal.  It  was  very 
slightly  soluble  in  alcohol,  giving  it  a  pale  yellow  color,  but  was  almost 
completely  soluble  in  alkali.  Unlike  the  original  Dopplerite,  it  burned 
with  a  vellow  flame.  GUmbel  indicated  the  chemical  chani^es  which  con- 
verted  wood  into  pi*at,  and  showed  that  Dopplerite  had  the  same  composi- 
tion as  peat,  and  was  in  fact  a  truly  homogc^neous  peat. 

In  18*53,  Dopplerite  was  discovered  in  a. peat-bog  at  Obburg,  Switzer- 
land, and  was  described  by  Kauffmann,  who  in  an  important  ))aper§ 
showed  that  it  had  the  same  physical  i>roperties  and  chemical  composition 
as  the  Dopplerite  of  Aussee. 

It  occurred  in  a  black  j)eat  at  a  depth  of  12  to  11  feet,  in  layers 
sometimes  a  foot  in  thickness.  Except  in  burning  without  flame,  its  phys- 
ical properties  were  nearly  idcntic.il  with  the  Scranton  substance.  The 
airdried  Dopplerite  lost  1U.7  per  cent,  of  water  at  a  heat  of  110  C,  and 
acconling  to  Muhlberg  had  the  following- com  posit  ion  : 

C I 52.2 

H 5.9 

O-f-  X 35.7 

Ash 5.2 

100. 

15y  dissolving  in  caustic  potash,  pn*cipitatingby  acid,  and  then  analyzing 
the  dried   precipitate,  a  similar  composition  was  obtained.     Kauffnmnn 

•Sltzunub.  d.  k.  Acud.  d.  WIss.     Wlon,  1815),  Vol.  I,  p.  2:«». 
t  fxx\  eit.  p.  *i86. 

1  Neues  Jahr.,  f.  Mln.,  IHW,  p.  27S. 

2  Jahr..  d.  k.  k.  Oeol.  Reich,  Wien.  !««;>,  Vol.  xv,  p.  2S3  . 
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concludes  that  Dopplerite  consists  of  one  or  more  of  the  humous  acids,  and 
shows  that  the  portion  of  peiit  soluble  in  alkali  is  identical  with  Doppler- 
ite, and  that  compact  peat  contains  minute  black  particles  of  Dopplerite. 
Peat  is  therefore  a  mixture  of  Dopplerite  with  i)artially  decomposed  plant 
remains  ;  while  Dopplerite  itself  may  be  regarded  as  a  homogeneous  peat 
in  which  all  orgjinisms  have  been  decomposed.  lie  shows  that  in  different 
peiits  the  proi)t)rti()n  of  Dopplerite,  or  part  soluble  in  alkali,  increases  with 
the  age  of  the  j)eat,  while  the  eontr.iry  is  the  cjise  with  mineral  coal.  Thus 
wiiile  in  a  recent  peat  but  25-:»0  per  cent,  was  soluble,  in  an  old  compact 
peat,  the  proiH>rlion  was  77  per  cc^nt.  On  the  other  hand,  the  solubility  of 
coal,  decreasr's  witli  its  age,  as  shown  in  the  following  table,  where  the 
figures  represent  the  degree  of  solubility  in  alkali : 

(Dopplerite) (100) 

"  Shite  (M)al, "  a  woody  lignite,  Diluvial 75 

Brown  coal 42 

"Pitch  coal."  rpi)er  Miocene 10 

Lower       **         ."5 

Bituminous  coal,  Eocene 2.3 

'•        Carboniferous trace. 

Anthracite 0 

lie  concludes  tliat  in  the  formation  of  coal  from  ])eat,  the  first  step  of 
the  process  is  tlie  formation  of  Dopplerite,  and  the  second  the  gradual 
transformation  of  tlie  latter  into  a  material  less  soluble  in  alkali,  and  richer 
in  carbon. 

Several  other  European  localities  for  Doi>plcrite  have  more  recently 
been  di>covere(l. 

A  snb<tane<*  resembling  Do]>plerite  in  the  peat  of  Iljignetswyll,  St. 
Gall.  Swii/crlan<l,  nienti(»ned  by  Deieke.*  burns  with  tlaiu(f,  and  is  re- 
gar«led  by  Kennirott  as  havini^  <*hara(?ters  ujore  nearly  approaching  th«>.*e 
of  Pyro|)i>-it«'  or  Melanebyme.  It  possibly  is  more  analogous  to  the  sub- 
stance from  Serant(»n. 

Do])plerite  lias  not  as  yet  been  (li^'Covered  in  .\merica.  "While  the  sub- 
stance (leseribed  in  the  juM'^enl  i)ai>er  mon?  nearly  resembles  Dopplerite 
than  any  other  known  min<'ral,  it  (liflers.  as  already  shown,  both  in  eoni- 
jiosltion  ami  in  its  beliavinr  when  burning. 

A  disiinLTMi-bing  feature  of  tlu^  Serantou  minc^ral  i«^  its  very  low  per- 
centajr*!  of  carbon.  l)oj)plerite  has  almost  the  ])reei<e  compi^sition  of  peat, 
and  peat,  as  is  well  known,  contains  more  carbon  than  is  contained  in 
wood.  Yet  the  Seranton  mineral  contains  even  le-;>  carbon  than  is  coii- 
tain«'d  in  wood.!     Tlu?  empirical  formula  of  the  Seranton  mineral  gives 

•NeiH'.s  Jahr.  J*.  Nhn.,  ls')S,  p.  <;<l,i. 
■fTiio  cninposliloii  of  peat  is  atH)iit : 

('  n  (>  »   X  Ash. 

«il  U  ;«  — 100 

The  averai;c  composition  of  woo«l  Is: 

C  H  O   :  N  Ash. 

4{».«  «.l  l.-^.l  l.L>   --  100 

V.  Coal,  Its  Ulstory  and  Uses.    Thorpe,  etc.,  p.  1(53. 
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a  larger  amount  of  hydrogen  than  is  expressed  in  the  formulas  of  any 
similar  substance* 

The  first  printed  notice  of  this  substance  was  given  by  Mr.  T.  Cooper. f 
A  week  later  Mr.  C.  A.  Asliburner,  contributed  to  the  same  Journal  the 
following  analysis  made  by  Mr.  J.  M.  Stinson  : 

Water  at  2120 60.758 

Volatile  matter 9.820 

Fixed  carbon 4.012 

Ash 19.404 


100. 

Mr.  Stinson  informs  the  writer  that  this  analysis  was  made  upon  a 
sample  consisting  of  a  mixture  of  peat,  muck,  and  the  jelly-like  substance, 
and  that  as  no  attempt  was  made  to  scpaiatc  the  latter,  the  analysis  is 
not  of  scientific  value. 

Special  interest  is  attached  to  the  substance  here  described  as  being  per- 
hai>s  an  intermediate  product  between  peat  and  coal.  Wliile  the  quater- 
nary lignites  illustrate  the  transformation  of  wood  with  coal,  this  substance 
illustrat(?s  a  similar  change  from  peat.  As  by  the  investigations  of  Kautt- 
man,  it  was  sliown  that  the  formation  of  Dopplerite  preceded  that  of  any 
of  the  varieties  of  coal,  so  in  the  present  case  we  have  perhaps  a  3'et  earlier 
stage. 

The  characters  of  the  Scranton  minen\l  entitle  it  to  a  distinctive  place 
among  the  hydrocarbons  of  natural  origin.  It  has  been  the  custom  among 
minersilogists  to  regard  these  substances,  as  minenil  species.  Tn  view, 
however,  of  the  objection  to  adding  new  mineral  s])ecieri  whose  distinctive 
characters  are  made  prominent  only  by  analysis,  the  writer  brlleves  that 
it  would  be  more  advisable  to  combine  those  already  described  under 
generic  names,  and  to  regard  the  minerals  included  in  such  genera  as  va- 
rieties. 

In  the  present  case  we  have  to  do  with  a  black  jelly-like  substance 
derive<l  from  vegetable  decomposition,  which  with  a  diflVrent  composition 
and  with  ?^omewhat  dilTerent  physical  i)r()perti<*s  has  been  found  in  similar 
geological  conditions  in  several  parts  of  Europe.  It  is  therefore  sugtrested 
that  all  of  these  substances  be  combined  under  one  generic  name.  The 
name  '* Phi/locoUitt'*  T^yrwv,  x^//.Aa)  signifying  "plant-jelly,"  would  in- 
clude all  jelly-like  ^tubstanc^'s  formed  by  the  decomposition  of  i)lant  mat- 
ter. Dopplerite  wcmld  then  be  regarde«l  as  one  of  its  varieties,  the  mineral 
described  bv  Dieckc  would  be  another,  and  the  mineral  from  Scranton 
yet  another. 

*  The  formula  of  Dopplerite  has  been  given  as : 

C40  H35  Oa        (Gn»clln); 

Ci«  Hjo  Oio        (Desclolseaux); 

Cio  H«  O5         (Duna). 

t  Engineering  and  Mining  Journal,  Aug.  13, 1881. 


Price.) 


118 


[Di 


Plan  of  Rockkry 


On  the  Campvj*  of  the  University  of  Pennsylvania. 
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R>}fk<ry  at  the  Univtr$ity  of  Pennsylvania,  huilt  in  2 SSI.     By  Eli  K.  Priee. 

(lit ad  hffore  the  American  PhiloBophi^al  Society,  Jhc.  16,  18S1.) 

The  form  of  the  White  Oak  leaf  is  used  and  the  rocks  so  i>laced,  tliat 
every  oii<*  may  be  seen.  They  are  armnged  according  to  the  places  where 
ihey  were  found,  to  show  liow  nature  has  disposed  of  them. 

Skc'tion  I. — The  large  upright  lilack  stones  at  the  three  corners  {a)  came 
from  x\\v  tunnel  on  Thirtieth  Street,  near  Master,  40  feet  below  the  curb, 
50 U)  00  hilow  the  gravel  hill. 

The  qusirried  stones  {h)  are  from  the  quarry  of  Price  &  Moore,  next 

wcsUvjird  of  the  Woodlands  Cemetery  ;   those;  next  east   (r)  from  the 

qiurry  of  Samuel  C.  Bunting,  Junior,  simlh  of  Walnut,  west  of  Forty- 

»»nnh  Street  ;  those  farther  east  (i7)   from  William  P.  Sui)plee's  quarry 

*^t  of  Fitlv-third  Street,  southward  of  Girard  Avenue  ;  those  marked  (/; 

'r'>ni  MeKinley's  ijuarry  on  Rittenhouse  Street,  near  the  Wissahickon  ;  and 

^n  tlio  other  (luarried  stones  in  this  section  (c  and  7)  are  from  grounds  of 

•"  iv.  Price,  on  both  sides  of  Twenty-ninth  and  Thirtieth  Streets  and  of 

'la*<t«T  and  Jefferson  Streets  ;  and  the  residue  of  this  section  is  covered  by 

'^'J'^lKirtod  rubbed  rocks  from  the  gravel  hills  of  the  same  and  adjoining 

^"'mK  at  an  elevation  of  about  100  feet. 

*''■-* 'TioN  U  is  wholly  covered  by  white  and  light-colored  rocks,  trans- 

•^'^^-•1    and  polished,  from   grounds   of  George  S.   Harris,    J.   Clothier, 

'•  f'«>lhy  and  others,  on  south  side  of  Market  Street,  from  Forty-eighth  to 

^^y  -  ninth  Streets,  a  spa(re  of  480  feet  by  24(5  fe(?t,  from  a  sand  and  gravel 

nill  \\f  .^  iieighl  of  about  100  feet  above  tide.     The  large  white  rocks  at  the 

('Dels    <jf  i^jj^  section  lay  near  together,  and  show  that  when  transported 

"'♦'}'  <"*:ime  as  one  rock. 

'^**"*"TioN  in. — Letter  /  are  stones  from  the  south  side  of  Chestnut  Street. 
*'"^^*'"  *i  iii'j  from  Fortv-seventh  to  Fortv-eijrhth  Streets,  from  a  c;nivel  and 
^nd\-  ch-Nation  of  abotU  70  feet  above  tide,  from  the  grouiuls  of  the 
oyvin^^  iH-irs  .and  others. 

'  *■'*  "l^ioN  HI. — Letter /'are  stones  from  both  sides  of  Fort  v-li  fib  Street  and 
''  •  I»T-|  jp,.  Street,  from  grounds  of  Albert  S.  Letchworth  and  others.     The 
<■  *'\'x\  J^),jj;  ^vere  about  90  feet  above  tide. 

'"•*'"noN  IV  is  whollv  covered   bv  stones   from  tiie  Citv   AlmsiioUM- 
ffrouri^lj.   westward  of  Thirty-sevenlh  Street,  and  boiii  sides  of  Spruce  and 
^-  -eight h  Streets,  from  gnivel  about  S")  feel  above  tide.* 

^  ^*-**c  elevations  arc  bntiorl  upon  the  ffillowin^  curb  ?u'.ightit,  vvhieti  are  ulxuit 
•Ml  l«'*«  j^  loMor  than  the  Kravcl  bunks  had  been  : 

rnii.ADEi.PlirA.  Deecniber  Sth,  ISSI. 
•i^ko'V*"  j:^'""'~Tho  followini;  are  the  elevations  of  the  curh  corners  above  tide. 


Yours,  Ac., 

^    --»  Samukl  L.  Smkdlev,  Chief  Knj^lnecr  and  Surveyor. 

10  ti-x  K.  Price. 
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For  the  takinjx  of  tlie  above  stonOv<»  I  had,  as  far  as  known,  the  permission 
of  the  owners  or  iheir  representatives,  and  for  thein  the  University  of 
Pennsylvania  and  citizens  owe  thanks  to  tlic  City  of  Philadelpliia,  to 
William  Baldwin,  Chief  Commissioner  of  Highways,  George  S.  Hiirris, 
Dr.  Twaddrll.  ,].  Clothier,  L.  Dolby,  Samuel  C.  Bunting,  Jr.,  Albert 
S.  L(^t<h worth  and  others,  who  gave  them  these  valuable  objects  of 
curiosity  and  M.'ien(r(;  without  charge.  Tiie  hunting,  hauling  and  building 
them  into  a  Kockery  has  been  my  occupation,  with  men  and  carts  taken 
from  my  (juarry  for  one  day  or  mon?  of  tin;  week,  fnmi  the  beginning  of 
June  to  the  end  of  December,  18S1.  The  i>uri>ose  of  gathering  these  rocks 
ha^  been  for  their  preservation,  and  convenience  of  study  b\'  professors  and 
••tuilents,  and  all  interested  in  the  imjiortant  (juestions  to  which  they  give 
rise. 

What  ilo  these  rocks  sav  to  us  hcn^  to-day?  I'lainlv  thev  show  the 
mineraN  they  «.-ontain.  Hut  we  go  back  from  these  to  the  period  of 
primary  rock-,  to  the  gnmites  and  other  igneous  rocks,  whose  melting  and 
moving  power  was  lire,  and  whose  disintegrations  furnished  the  material 
for  the  >tratifi<'d  rocks  de[)osited  by  l.it<?r  p(;rvading  waters  ;  and  these  also 
again,  becominir  disintegrated  by  frost,  heat  and  water,  also  became 
modifying  an»l  diHerent  sources  for  their  last  granular  depositions  in 
strata.  We  have  hen;  trom  the  <iuarries  gueissic  rocks,  the  first  strata  of 
the  seconilary  formation  ;  and  we  have  the  transi)orted  rocks,  also  de- 
posiiedby  water,  cousistingof  materials  that  have  undergone  many  clianges 
of  stratilicalioii  and  rest  ratification  as  well  as  of  attrition. 

In  the  study  of  the^i^  rocks  we  jxi^^^  from  a  time  when  no  life  was  on  tliis 
globc!  into  perioiU  since  the  beginning,  spoken  of  in  the  tiist  verse  of 
(ienesis,  wherein  all  lite  has  been  creatiMl  :  and  therein  i>erceive  the 
m(?thods  of  the  Creator  in  the  structure  of  this  irlobe. 

The  tran-j)orted  rock-  deinan<l  special  e\planati(»n.  Wc  ask  to  know 
wliMt  are  their  ei»n»i)«»-itions  V  What  their  names  ?  Where  were?  they  in 
tlw  reLTiilrir  order  ot*  the  'j:eol()gi(ul  sii'aiilieatit)!!  ?  Where  geografihically  If 
Mow  were  they  torn  from  their  ]»laci'>Y  How  tr;Mis]>orted  to  where  f»>und 
round  (»ur  LFii\i'r-ity ','  How  polished  ?  Ht)w  lifted  u]>on  the  hills?  Hud 
we  re.'illy  a  L^reat  ••  enntinental  glacier"  to  bring  them  hen.*?  Was  the 
woild  made,  jieopled,  civili/e(l  for  tin;  repetition  of  the  disaster  of  the 
"(Ireat  (;iiMirr  "V 

These  are  -ohm  of  ihe  jpU'stiiMis  for  the  miner;»logi<ts  and  geologists,  in 
and  out  of  the  Inivt-rsitv,  to  answer:  it  is  hoiked  that  thev  mav  lonji 
ini'ite  to  intercvfirrj  and  usitul  <tudv.  The  objects  are  the  oldest,  but  the 
«piestion>i  are  (»t*  new  pr<*scntation. 

(.'harh'^  K.  Hall,  of  our  State  (leoloirieMl  Survey,  began  to  <ibserve  some 
of  these  roek-^  in  l^^T.^j,  :ind  has  jtartially  answcn'd  the  above  «iuestions, 
aceording  to  his  ob-erxations  an<l  C(Uiviction-<  Mt  that  tim«*.  (See  Pnx'eod- 
ings  Amer.  Philo-.  Soe..  Xv).  \)'k  Nov,  1H1."».  p.  \\:V.\.)  H(?  followed  Agassiz, 
Lyell.  (leikie,  ('roll,  Dana  and  Newcomb  iji  jilacing  the  south  line  of  the 
great  cont menial  glacier  at  and   below  the  4(Hh  degree  of  north  latitude. 
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and  naturally  inferred  that  it  was  the  cause  of  the  deposit  here  of  these 
transported  rocks. 

In  1878  Professor  Cook  published  his  "Report  on  the  Geology  of  the 
State  of  New  Jersey,"  and  placed  the  glacial  drift  northward,  on  a  line 
from  a  point  of  the  llarilan  river  (lat.  40'-^  30'),  thence  X.  W.  to  Den- 
ville  (near  the  41=^),  thence  westward  and  south-westward  loBelvidere  on 
the  Delaware  (lat.  40^  50'). 

In  1881  Professor  Henry  Carvill  Lewis,  also  of  the  Second  (leological 
Survey  of  Pennsylvania,  has  traced  the  southern  linc^  of  the  glacial  drift 
through  this  State  for  a  distance  of  about  400  miles.  lie  inlbrms  me,  in 
advance  of  publication,  that  this  line,  whicii  is  marked  by  a  tenninal 
moraine,  starts  at  a  point  opposite  Belvidere,  and  [)asses  in  a  north-west 
«lire<'tion  over  the  Kittatinny  and  Pocono  mountains,  and  across  the 
Lehigh  and  Susquehanna  rivers  into  Lycoming  county,  where  it  ascends 
the  Alleghany  Mountains,  and  continues  thence  in  a  nearly  straight  line 
into  Cattaraugus  County,  N.  Y.  (lat.  42^  IT)'),  It  there  curves  south- 
w(»tward  and,  re-entering  Pennsylvania  in  Warren  County,  passes  south- 
west thrcmgh  Venango,  Butler  and  Lawrence  (.N)untiifs,  until  in  Beaver 
County  (lat.  40"^  50')  it  crosses  the  Ohio  State  Line. 

In  his  "Essay  on  the  Antiquity  and  Origin  of  the  Trenton  Gravels," 
Mr.  Lewis  states  his  belief  as  to  "  the  Terminal  Moniine  "  which  he  had 
explored,  which  "  winds  over  hills  and  across  valleys  in  such  a  manner 
that  by  no  other  known  agency  than  a  great  glacier  could  it  have  been 
prcKluced,"  p.  17.  This  is  the  product,  he  says,  of  the  last  glacial  epoch. 
There  is  some  evidence  that  in  an  earlier  period  a  glacier  a<lvanc('d  south 
of  that  limit.  To  the  north  "the  great  glacier  has  Irtt  undoubted  traces, 
in  the  imiversal  covering  of  unstratitied  boulder  clay  or  till,  in  the 
•*m<M>thed  and  grooved  rocrks,  the  transimrted  boulders,  <kv."  "  There  are 
nianv  facts  which  indicate  that  the  ice.  even  dose  to  its  K)wer  terminus, 
had  a  thickness  of  over  1000  feet,  which  increased  northward,"  pp. 
18,    19. 

Mr.  Lewis  also  speaks  of  a  i>ost-glacial  tlood.  "at  a  time  when  the  river 
[Dcilaware]  was  larger  than  at  present,"  as  a  "conclusion  warranted  by 
many  fact.s,  and  as  a  crause  of  the  deposit  of  the  Trenton  gravels, "  p.  19,  &v.  ; 
and  "  that  the  boulders  upf>n  its  surface  were  droi)ped  from  ice-cakes  is, 
Ijowever,  probable,"  p.  23. 

Did,  then,  these  transi>orted  rocks  come  here  by  glacial  action?  If  so,  at 
li  first  or  s<'cond  glacial  epoch?  By  a  great  glacier  or  by  tloatcd  ice? 
Wen^  they  Ufft'd  upon  the  hills  by  ice  or  water?  Or  was  the  earth  sunk 
when  they  were  brought,  and  the  ro<ks  afterwards  lilted  by  IIhj  rising 
of  the  earth's  surface?  Professor  Lewis  gives  to  these  transported  rocks 
a  transporting  cause  common  to  the  Philadtjlphia  red  gravel  an<l  our  brick 
clay,  at  "an  ei)och  of  submergence  as  indicated  by  the  elevation  of  their 
dei)osit  ;"  and  that  "it  is  probable  that  this  clay  may  be  assigned  to  a 
period  M'hen  the  land  stood  150  feet  or  more  below  its  present  level,  and 
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wlicn  the  cold  waters  from  the  melting  glacier  bore  ice-rafts   which 
dropiM^d  their  boulders,"  pp.  4^  5,  6,  7. 

It  seems  apparent  that  the  supposed  ice-sheets  or  glaciers  have  In^en 
greatly  mairniticd  by  the  first-named  glacialists,  both  in  their  thickness 
and  extent,  by  reason  of  their  taking  the  earth  as  a  stable  land-mark, 
whereas  It  is  less  stable  than  the  ocean.  Great  rocks  have  been  taken  for 
bouldei*s,  tliou^h  in  hUu,  because  they  have  been  abniided  by  floating  ice- 
sheets  and  tlie  rocks  they  have  borne  ;  rocks  supposed  to  have  been  trans- 
ported and  uphrtindhy  glacicTs,  have  been  floated  (//)?f7i/r/fr(/x  by  ice  raftsor 
icebergs,  and  at't  erwards  have  been  lifted  by  the  rising  os<'illat  ion  of  the  earth : 
and  mountain  sidesaresupposed  tohavel)een  scored  bN*  great  glaciers  ttOOO or 
more  feel  thick,  yet  the  scorinirs  mav  have  been  made  much  lower,  and 
afterwards  havc^  been  carried  ui)wards  to  such  height  by  the  rising  moun- 
tains. It  seems  not  to  be  sober  philosophy  to  seek  abnonnal  causes  when 
the  ordinary  laws  of  nature  may  aflord  thc^  sufiuring  explanation.  A 
pufiicient  cause  is  enough.  The  mountain  tops  have  been  higher  and 
colder,  and  been  since  lowered  by  erosions;  their  oscillations  have  l)een 
upwards  and  downwanls  ;  the  valleys  have  been  raised  by  the  dtbris  of 
the  mountains,  and  have  risen  and  fallen  with  the  rocks  beneath  them  ; 
and  how  fnM|ueni  are  the^:e  alternations,  and  for  what  beneficent  puri)osc, 
may  be  seen  in  evrry  seam  of  coal  in  the  carboniferous  regions;  for  each 
was  grown  on  a  plain  in  the  oi>en  air.  and  had  the  light  and  heal  of  tlic 
sun,  and  then  sank  Im'Iow  the  water**,  that  these  might  deposit  the  particles 
to  make  the  protecting  covering  rocks  for  the*  unknown  centuries  that 
followed,  when  again  all  were  corrugated  and  lifted  to  bring  them  into 
human  n'a<h  for  man's  usc^,  in  ag(.'s  when  Nkillful  enouirli  to  win  and 
apply  the  <'()ai>!,  the  i)r<)ducis  of  the  soil,  water,  air  and  sun,  and 
the  life  that  God  gave  to  the  i)lants  at  a  remote  and  momentous  era  of 
creation. 

It  brcoine-^  us  not  to  unn'asnnablv  impeach  the  gooilness  of  the  Creator. 
It  seems.  fr«>ui  all  we  know,  not  likely  that  lie  would  destine  the  fairest 
portion  of  this  earth,  where  man  has  best  developed  bis  civilization,  to 
destruction  liv  lee.  The  iihvsieal  sciences,  as  well  as  those  of  nioralitv 
and  religinii.  ^u^ni>^h  the  proof  that  there  i<  a  limitation  of  forces  that 
con<ervj'  iKiiiire.  and  atlord  us  the  lountlation  of  a  seientilic  faith  that 
man's  be-t  home  o!i  earth  is  an  abiding  on<'  tor  the  race.  Yet  must  science 
observe  all  fact  ^  an<l  heed  all  reasonable  reasons  ;  and  doing  so  mankind, 
it  is  believed,  will  gain  reassurance  th:it  they  are  held  in  safety  by  a 
(^reator  who  fon-ver  conserves  His  works. 
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The  VaguB  Nerte  in  the  Domestic  Cat  CFelis  donustica). 
By  T.  B.  StotceU,  A.M.,  Ph.D. 

{Read  before  tJie  American  Philosophical  Socitty,  July  15,  1881.) 

The  idea  of  using  tbe  cat  as  the  basis  of  anatomical  study  is  by  no  means 
a  recent  one.  Straus-Durckheim's  *'AnatomieduChat,"  Dr.  B.  G.  Wilder's 
*'  Anatomical  Uses  of  the  Cat/'  and  other  papers  published  by  the  same 
author  since  1877,  and  Mivart's  recent  work  on  "The  Cat,"  present  the 
general  thought  with  more  or  less  directness.  I  am  not  aware,  however, 
that  any  one  has  made  a  study  of  the  nerves  of  the  cat  in  their  detailed 
distribution.  Having  compared  the  vagus  nerve  in  man,  cat,  dog,  horse, 
ox,  sheep,  rabbit  and  frog,  I  am  satisfied  that  the  cat  {Ftlis  dainestica)  pre- 
sents advantages  over  all  others  as  a  basis  for  comparative  study.  I  ac- 
cordingly submit  the  accompanying  figures  and  text  to  aid  students  who 
may  be  disposed  to  investigate  Comparative  Neurology. 

The  cat,  dog,  and  rabbit  were  injected  with  plaster,  as  recommended  by 
Prof.  Simon  II.  Gage,  of  Cornell  University,  in  a  paper  published  in  The 
American  Naturalist,  vol.  xii,  p.  717.  The  figures  are  semi-diagrammatic; 
they  were  originally  drawn  to  a  scale,  natural  size;  for  the  purpose  of  giving 
prominence  to  certain  relations,  to  ramuli  and  anastomotic  filaments,  such 
modifications  have  been  made  as  seemed  necessary;  where  a  nerve  trunk  is 
continuous,  with  no  distinctive  characters,  it  is  shortened,  e.g.,  thegastro- 
cardiac  portions  of  the  vagus  (Fig.  0).  The  figure  of  the  stomach  is  re- 
duced one-half  (Fig.  13).  For  the  sake  of  simplicity  no  attempt  has  been 
made  to  reproduce  plexuses  or  the  terminal  ramification  of  filaments. 

The  nomenclature  used  is  largely  that  advocated  by  Dr.  B.  G.  Wilder, 
before  the  American  Association  for  the  Advancement  of  Science,  at  Boston. 
1880,  in  a  paper  entitled  '*  A  Partial  Revision  of  the  Nomenclature  of  the 
Brain,  "and  in  a  more  detailed  communication  published  in  Science,  March 
19,  and  26,  1881,  entitled  "A  partial  Kcvision  of  Anatomical  Nomencla- 
ture, with  especial  reference  to  that  of  the  Brain."  The  simplicity  and 
perspicuity  of  the  nomenclature  commend  it  alike  to  the  lecture-room  and 
the  laboratory. 

[In  ca»eH  where  it  was  thought  that  any  posMilble  doubt  might  arise  from  using 
th*";  now  terminology,  the  new  words  are  followed  by  their  aulliropotomlcul 
equivalentH.] 

The  vagus  nerve  (N.  vagus;  N.  pneumogastrious;  Pars  vaga;  Par  vaguni ; 
N.  anibulatorius;  N.  sympathicua  medlus;  Eighth  pair,  pneumogaslric 
branch,  Willis;  Tenth  pair,  Sommering  and  Vicq-d'Azyr)  presents  the 
following  marked  characters,  viz  : — 

Ci^eneral  Characters :  N.  vagus  has  the  most  extensive  distribution 
and  the  longest  course  of  the  cniuial  nerves  ;  in  its  cephalic  region  princi- 
pal rami  are  derived  from,  ganglia  ;  it  forms  by  its  frequent  and  complex 
anastomoses  with  N.  sympathicus  numerous  plexuses,  hence  presents  in- 
volved  physiological  and   pathological  complications ;  its  terminal  fila- 
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mcnts  supply  the  muscular  substance  and  the  mucous  membranes  of 
organs  ;  its  developnicnt  in  rehition  with  the  development  of,  notably,  the 
heart  and  adjacent  blood-vessels,  and  the  stomach,  renders  its  distribu- 
tion somewhat  asymmctri(ral,  nifcessitating  special  anatomical  study  of  ha 
dextral  and  sinistral  n>lations,  and  giving  corresponding  and  distinctive 
physiological  and  pathological  characters  ;  the  relati(m  of  this  nerve  to 
organic  life,  to  the  automatic  and  the  retlex  ])henomena  of  respiration, 
and  to  the  so-called  "inhibitor}'  phenomena"  gives  importance  to  its 
study. 

Special  aiiatoiiiical  characters :  N.  vagus  and  its  rami  are  dis- 
tribuled  to  the  most  important  viscera,  at  least  to  viscera  most  intimately 
related  to  the  functions  of  organic  life,  e.  g.,  dlgfutire — pharynx,  (vsopha- 
gus,  stomach,  liver,  pancnms,  intestines  ;  rirnihitory — heart,  pulmonary 
arteries,  pulmonary  veins,  systcimic  arteries  and  veins  in  the  region  of  the 
heart  ;  respiratorf/ — larynx,  tracliea,  bronchi,  substance  of  lung. 

Special  pliysiolog^lcal  characters:  N.  vagus  is  a  sensory-motor 
nerve,  having  both  sensitive  and  motor  fibres  ;  it  controls,  regulates  or 
modifies  the  movements  and  the  secretory  functions  of  tlic  organs  to 
which  it  is  distributed,  and  u])on  it  depend  th(}  sensory  phenomena  which 
oharacteri/.e  the  respective  organs. 

DKSCKIPTIOX:  Origin  and  cervical  portion— X.  vagus  in 
the  cat  (Ftiis  domatira)  takers  its  superli('ial  origin  trom  two  n^gions  of 
the  medulla  :  by  12-14  filanu^nls  from  the  ventral  border  of  corpus  resti- 
forme  and  the  depression  line  between  cp.  restiforme  and  the  portion  of 
medulla  next  latrrad  (Fig.  15,  ^1),*  in  a  line  caudad  of  (posterior  to) 
the  origin-lilanu'nt.s  of  N.  glosso-pharyngt'us  (ninth  pair  of  cmnial 
nerves),  (Fig.  2,  4),  from  which  nerve  it  is  sonictinie-^  separated  by  a 
small  arterial  twig  of  A.  ceri  bcllosa  inferior  ;  and  by  4  -(>  tilnments  imme- 
diately vcntrad  in  the  sli;;lit  dei)ression  line  ventrad  of  oliva  an<l  cepha- 
lad  of  1  lie  origin -lilanuMits  of  the  si)lnal  i>orlion  of  K.  accessorius  (Fig.  2. 
li).  The  dorsal  filamnnls  form  a  somewhat  curved  line  of  superficial 
origin,  measuring  o-4  mm.  in  (*audo.c(»ph5ilic  dircelion,  and  presenting  its 
convi-xily  dorsad  (Fig.  2.  X)  ;  the  ec])halie  lilannMits  are  most  vent  ml  and 
Icavr  ilic  ne'dulla  oblongata  just  caudad  of  A.  ccrrbellosa  inferior — a  con- 
sideral)le  branch  of  A.  basilaris  at  right  angles  wiih  the  main  trunk  and 

•  TlnTf  iM  '^omi' (lilllrnlty  In  rstablisliinfj:  sMtixtiictoriK  tlio  hoinohtgioH  of  tlie 
iiMMhillji.  'lli'jn' :in'  n-asoiis  lor  iH'jiiirilin;^  thr  third  nri'vo  Iriu^l  Iruni  Iho  dor- 
siiJii'.-<»ri  ii>;  tlu' lif'ni'.Oojrue  of  ffupus  <>Hv:iiinin  :  this  is  nuinilV'stly  ii(»t  tlio  cp, 
oliviiiiiiiii  of  F<i-<ti'r:is  jrivrn  in  his  "  rractlcul  rhysiolo;^y  :'*  it  Mhould  be  noticed 
th:it  the  ('ri)hjili('  <^il;;in-llljinunits  o!  X.  arrcssorius  bfcnmo  api"»uri'nt  In  thU 
ilri>rrs>i«m  lin«',  whllf  the  cmuMuI  oiiuin-ilhinu-nts  appi'ur  iilon^;  tlio.  (Ii'iirciiAlon 
Hue  vcnii.id  tiT  thi-i  trin-t.  The  cllii)tlcal  aroa  (V\ix.  I..*')  hitorad  of  VfUtrinyra- 
niis  (an'"'iior  pyianiid)  and  tl)«'«nio  still  dorsn-hitcral  have  relations  upon  which 
hon»oln;;ii's  ini^iht  lir  l)aM'<l,';Ivinjr  oach  on**  thf  nanuroliva  ((rorpus  olivuriiim). 
It  Is  not  prop**!'  in  thin  eonniM-tion  to  dlscu.ss  hoinol<»sfi<*s.  I  liavo  inade  thin 
tilhision  in  apolM;;y  for  the  indc*linit4>ncss  of  description  of  tbo  ovigin-liiiu  of  N. 
vuf^us.  Wir.itevpp  honioiofifios  m-iy  ho,  established  and  nauics  asj^igiied,  the 
lig^ui'es  (Fij;.  ;J,  4j  de»ij;nute  Iho  relation. 
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given  off  4-6  mm.  cephalad  of  union  of  A  A.  vertebrales.  These  filaments 
unite  about  1  mm.  pcripherad  of  their  superficial  origin  into  six  or  seven 
ramuli,  which  lie  ventrad  of  plexus  clioroideus  lateralis  (Fig.  2,  PI.  Ch.). 
and  blend  in  foramen  jugulare  to  form  a  single  flattened  nerve  trunk,  N. 
vagus.  In  the  pavSsagfe  through  the  foramen  6  mm.  peripherad  of 
its  origin,  N.  vagus  is  enclosed  in  common  with  N.  accessorius  (XI)  in 
a  sheath  formed  by  a  tubular  pn>longation  of  the  dura  mater  and  the 
arachnoid  membrane,  where  it  is  also  joined  by  N.  glosso-pharyngeus 
(IX)  ;  but  the  sheath  of  the  united  NN.  vagus  (X)  and  accessorius  (XI) 
may  be  readily  dissected  from  that  of  N.  glosso-pliaryngeus  (IX),  which  lies 
ectad  and  cephalad.  Centrad  of  its  foramen  of  exit — Foramen  jugulare. 
(Foramen  lacerum-posterius,  Lacerum  foramen  posterius) — and  3-4  mm. 
pcripherad  of  medulla  oblongata,  N.  vagus  present.*^  a  ganglionic  enlarge- 
ment, g^anglion  jtigriilarc,  gan^litm  of  the  root.  This  ganglion  is  hemi- 
spherical in  form,  of  a  grayish  color,  and  measures  nearly  3  mm.  in  diam- 
eter ;  it  has  relations  with  NN.  facialis,  glosso-pharyngeus,  accessorius 
and  sympathicus  (Fig.  5,  J). 

At  G.  jugulare,  N.  vagus  is  connected  by  a  single  twig  with  the  adjacent 
I>etrous  ganglion  of  N.  glosso-pharyngeus  (IX)  the  "ganglion  of  An- 
dersch  '*  (Fig.  5.  Pe.);  by  a  considerable  trunk  with  N.  accessorius  (Fig. 
6,  /^);by  ramus  auricularis  (Fig.  5,  ^),  with  N.  facialis  (VII),  from  which 
ramus,  a  slider  ramulus  penetrates  the  petrous  bone  and  joins  a  branch 
of  N.  facialis;  a  portion  of  the  ramus  continues  across  N.  facialis  to  the 
cochlea  (Fig.  5,  .5),  a  filament  from  the  auricular  branch  connects  with  a 
ganglionic  plexus  of  N.. sympathicus,  entad  of  the  gangliform  plexus  of 
N.  vagus. 

Plexus  srangrliformis.  The  5  mm.  of  N.  vagus  immediately  caudad 
of  G.  jugulare  is  involved  in  a  somewhat  intricate  net-work,  which  seems 
to  he  allied  to  plexus  gangliformis  (Fig.  6..  Px.  gang.);  the  apposed  trunks 
of  NN.  glosso-pharj'ngeus  (IX),  vagus  (X),  accessorius  (XI)  and  hypo- 
glossus  (XII),  are  embraced  by  interlacing  filaments  of  N.  sympathicus, 
with  which  nerve  they  sustain  more  or  less  intimate  relations,  through 
an:i.Momotic  filaments;  N.  glosso-pharyngeus  is  ectal  in  this  group,  and, 
together  with  its  root -ganglion — G.  Ehrenritteri,  which  lies  upon  the  ectal 
surface  of  G.  jugulare,  but  which  does  not  seem  to  sustain  anatomical  re- 
lations with  it — may  be  disserted  from  the  ental  trunk;  NN.  vagus  and 
accessorius  are  most  intimately  related — their  separation  involving  the 
nipture  of  interlacing  fibre — and  appanMitly  constitute  a  single  trunk: 
entad  of  this  united  trunk  is  N.  hypoglossus.  At  the  caudal  borderofthis 
plexu.-*  N.  accessorius  is  directed  dorsad  to  be  distributed  to  the  muscles  of 
the  neck,  and  N.  hypoglossus  assumes  ectal  relations,  crossing  the  ectal 
surface  of  N.  vagus  nearly  at  right  angles,  and  takes  its  course  ventrad,  to 
the  muscles  of  the  tongue.  As  N.  hypoglossus  crosses  N.  vagus,  it  de- 
taches a  filament  to  G.  inferius  (Fjg.  5,  7.?).  This  region  marks  the  origins 
of  two  other  rami  with  whose  terminal  filaments  N.  vagus  sustains  inti- 
mate relations,  NN.  thyro-hyoideus  and  dcscendens  noni. 
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15  mm.  caudad  of  G.  jugulare  and  dorsad  of  the  origin  of  A.  carotidea 
interna,  N.  vagus  receives  a  second  ganglionic  enlargement,  gfang^lion 
inferiuSy  ganglion  of  the  trunk  (Fig.  5, 1.).  Tliis  ganglion  has  a  fusi- 
form outline  5-8  mm.  in  caudo-cephalic  diameter  and  2  mm.  in  dorso- 
ventral;  it  is  of  a  pinkish  color;  is  located  ectad  of  (superficial  to)  and 
dorso-caudad  of  the  closely-apposed  superior  cervical  ganglion  of  N.  sympa- 
thicas,  to  which  it  is  very  intimately  related  through  anastomotic  filaments; 
Its  cephalic  extremity  is  apjKJsed  to  the  middle  of  the  superior  cervical 
ganglion.  G.  inferius  does  not  embrace  or  involve  the  main  trunk  of  N. 
accessorius;  it  is  however  joined  at  its  dorso-cephalic  border  by  a  large 
ramus  given  off  from  N.  accessorius  just  peripherad  of  Px.  gangliformis 
(Fig.  5,  14);  it  is  the  superficial  origin  of  a  large  ramus  of  N.  vagus,  viz., 
N.  laryngeus  superior;  it  communicates  with  N.  glosso-pharyngeus  (IX) 
(Fig.  5,  i7),  K  accessorius  (XI)  (Fig.  5,  74).  N.  hypoglossus  (XII)  (Fig. 
5,  13),  with  the  spinal  nerves  NN.  vertcbrales,  in  the  loop  wliich  connects 
the  first  and  second  cervical  nerves,  and  with  N.  sympathicus  (cntad  of 
Px.  gangliformis). 

In  the  cervical  region  N.  vagus  continues  caudad  from  G.  inferius  asso- 
ciated with  N.  sympatliicus  in  the  sheath  of  A.  carotidea  primitiva.  In 
the  cephalic  20  mm.  the  trunk  lies  dorso-laterad  of  A.  carotidea  externa 
and  A.  carotidea  primitiva,  being  concealed  within  the  arterial  sheath  by 
the  artery  and  by  V.  jugularis  interna.  As  the  nerve  approaches  A.  oc- 
cipitalis (?)•  it  lies  laterad  of  A.  (nirotidea  primitiva  and  crosses  the  venter 
of  A.  occipitalis  (?)  at  its  origin;  it  resumes  its  dorsolateral  relation  5-8 
mm.  caudad  of  A.  occipitalis  (?)  until  it  enters  the  thorax.  The  trunk  of 
N.  vagus  in  its  cervical  region  caudad  of  G.  inferius  gives  off  several  mmuli 
which  anastomose  with  nimuliof  N.  sympathicus  to  constitute  a  more  or  less 
dense  plexus  anmnd  the  trachea  and  oesophagus;  this  is  especially  marked 
in  the  caudal  portion  of  the  cervical  region.  The  distinctive  course's  of  tlie 
sinistral  and  the  dextral  nerves  in  the  thorax  require  sepanite  descriptions. 

The  principal  rami  of  the  cervical  portion  ofN.  vagus  are  Km. 
auricularis,  N.  pharyngeus,  and  N.  larj'ngeus  superior. 

Rni.  auricularis,  is  a  large  anastomotic  branch  and  has  its  superficial 
origin  in  the  dorso-ental  border  of  G.  jugulare;  its  course  is  curved  dorso- 
laterad  andcephalad.  and  it  enters  the  periotic  Imne,  follows  a  groove  alon*; 
the  dorso-caudal  border  of  the  tympanic  bulla,  traverses  the  petrous  por- 
tion of  the  bone  and  enters  aqueductus  Fallopii  at  a  point  2  mm.  cenlrad 
of  the  origin  of  chorda  tympuni;  a  j)()rtiim  of  Km.  auricularis  continues  to 
the  opening  where  it  meets  tlie  dorsal  brancli  of  N.  facialis,  to  be  distributed 
to  tlie  ear.  A  considerable  fas(riculus  crosses  N.  facialis  and  mavlx.^  traced 
to  the  cochlea  (Fig.  5,  /7).  2  mm.  peripherad  of  its  origin  Km.  auricularis 
receives  a  considerable  twig  trom  N.  glosso-pharyngeus  (IX),  and  about 

*  This  artery,  25  mm.  caudad  0I  fornmon  of  exit  and  dorsad,  or  1-3  mm.  dorse- 
cephalad  of  A.  thjreoidea  superior,  scfiins  to  be  allied  to  A.  prlnceps  eervlcls. 
There  are  some  objections  to  this  homology,  but  the  mea^iurcments  given  in  the 
text  identify  it  beyond  question. 
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the  same  distance,  still  peripherad,  an  anastomotic  filament  fh)m  N.  sjmpa- 
thicus  (Fig.  5,  fi). 

N.  pliaryngfcus,  the  pharyngeal  branch,  takes  its  superficial  origin 
from  the  ventro-ental  surface  of  X.  vagus  just  caudad  of  the  united  trunks 
of  NX.  vagus  and  accessorius,  7  mm.  caudad  of  G.jugulare  and  entad 
of  the  point  where  N.  hypoglossus  CXII)  lies  ectad  of  N.  vagus  ;  its  origin 
\fi,  therefore,  involved  in  Px.  ganglifonnis.  A  considenihle  accession  is 
traceable  through  the  plexus  to  the  accessory  branch  of  N.  accessorius. 
Its  course  is  ventnid,  jiarallel  Aviih  N.  glosso-pharyngeus  (IX),  and  only 
2-3  mm.  caudad  of  that  nerve  ;  it  lies  ectad  of  A.  carotidea  interna,  and 
entad  of  V.  jugularis  interna  and  A.  carotidea  externa  ;  just  peripherad  of 
its  origin  it  gives  a  twig  caudad  to  the  trunk,  which  may  be  traced  to  O. 
inferius  (Fig.  ."5,  L^.i).  Opposite  A.  carotidea  interna  it  divides  into  two 
nimi  (Fig.  5,  ;.^i',  a,  b),  from  which  filaments  are  given  to  A.  carotidea 
interna  and  to  the  adjacent  V.  jugularis  interna.  From  the  cephalic 
ramus  anastonu»tic  filaments  join  X.  glosso-pharyngeus  (IX)  to  form  a 
plexus,  from  which  filaments  are  distrii>uted  to  the  cephalic  border  of 
MM.  pharyngis  constrict»)r  niedius,  and  pharyngis  constrictor  sui)crior  ; 
others  anastomose  with  filaments  of  X.  sympathicus  and  form  the  pha- 
ryngeal plexus  (Fig.  5),  other  filaments  join  N.  hypoglossus  (XII)  in  this 
plexus.  The  cnudal  /v//;i//xhas  its  general  course  caudad  ;  5  mm.  peripherad 
of  its  origin,  it  subdivides  into  two  ramuli,  which  may  be  designated,  in 
view  of  their  distribution,  as  the  pharyngeal  ( F'ig.  o-?^).  and  the  a'sopha- 
geal  (Fig.  5,  J-'t)  ;  the  pfmn/ngtitl  nnnuhis  is  directed  meso-dorsad  and 
forms  a  loose  network  with  tlie  terminal  filanu?nts  of  the  pharyngeal 
ramuli  of  X.  gl(>ss<)-])haryngeus  (IX) — Px.  i)1iaryngeus.  Thv  a'8op/otf/eal 
I'limnlus  gives  tilaments  to  ^SI^I.  ])h:irvngis  constrictor  medius  and  pha- 
ryngis constrictor  interior.  10  VI  nun.  cuudad  of  the  filaments  to  the  mus- 
eh's  of  llie  ])liarynx  a  considerable  twig  joins  the  cephalic  ramus  of  X. 
laryngeus  sajxTinr  and  receives  an  anastomotic  lilanient  from  the  caudal 
ramus  of  thi?  same  nerve.  Tlie  (e<opliageal  ramulus  continues  along  the 
dorsum  of  the  (c^opliagus  caudad  as  far  as  tlie  eaudal  third  of  the  cervical 
portion,  interlaeinu;  in  tlie  plexus  aroun<l  that  viseus.* 

N.  laryiiSjTiMis  superior,  the  supf-rior  laryngeal  branch,  is  consider- 
ably larger  than  X.  pliaryngeus  ;  it  takes  its  superficial  origin  fnmi  the 
ventral  border  of  the  midtile  region  of  G.  inferius  ;  its  course  is  imme- 
diately vcntrad — occasionally  it  is  directed  caudad  apposed  to  the  main 
trunk  and  ectad  ot  X.  sym|>atbicus,  S-10  mm.,  at  which  point  it  turns 
ventrad — and  passes  «Mitad  «d*  A.  carotidi»a  primitiva,  where  it  bifurcates 
into  a  cephalic,  ental,  ramus,  X.  hiriinijtus  internum  (Fig.  5,  7,  C^S)  and 
a  cau<lal,  eetal,  nimus.  X,  Inrynfjt  ns  (jft  rntts  (Fig.  7.  ^'9), 

y.  hirynijriiA  iiitt ru'iH  is  much  larg«*r  than  X.  laryngeus  extcrnns ; 
it  ac<'om[)anies  A.  laryngea  superii>r.  and  with  the  art(»ry  perfonites  the 
hyo-thyroitl  membrane  at  the  ventro-caudal  bonier  of  the  cephalic  corn  a 

*It  HOinet  lines  occurs  that  tlie  caudal  raniiiMls<letaehiMl  cnndadot  the  cephalic 
ramii!4  of  X.  pharyni^ous ;  in  tuis  ca^o  it  constitute.s  a  uecond  pharyuj^eul  nerve  ; 
this  uri'anjfoment  does  not  ohanij^o  ltd  distribution. 
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of  Ctl.  thyroidca — A.  laryngea  superior  is  given  off  from  A.  carotidea 
externa,  just  caudad  of  the  origin  of  A.  carotidea  interna  ;  its  course  is, 
therefore,  at  right  angles  with  A.  carotidea  externa, 

y.  Iuryntjeu4t  externa  lies  ectad  of  the  hirynx ;  it  sends  a  pliaryn- 
gcal  ramulus  cephalad  and  cntad  of  A.  laryngea  superior  (Fig.  7,  30), 
which  is  distributed  to  M.  constrictor  pharyugis  inferior,  anastomoses  with 
the  oesophageal  ramus  of  N.  pharyngeus  (Fig.  7,  SI),  gives  terminal  fila- 
ments to  Px.  pharyngeus  and  the  pharyngeal  mucous  membnmtf;  fila- 
ments of  this  mmulus  anastomose  with  N.  crico-thyroideus  and  unite  in 
plexiform  relation  with  N.  S3'mpathicus  around  A.  thyroidea  superior  ;  a 
twig  of  this  pharyngeal  ramulus  detached  just  dorsad  of  the  hyo  thyroid 
foramen,  passes  ventro-caudad  to  terminate  in  M.  crico-tliyroideus.  This 
ramus  sends  a  laryngeal  ramulus  ventro-caudad  which  lies  entad  of  M. 
stcrno-thyroideus.  to  which  a  few  filaments  are  distributed,  and  is  iipposed 
to  A.  lar\'ngea  inferior,  which  artery  it  accompanies  to  the  cricoid 
membmne  as  far  as  the  ventrimeson  (Fig.  7,  32)  ;  from  this  ramulus  fila- 
ments are  given  to  M.  crico-thyroideus.  A  caudal  ramulus  is  also  de- 
tached whosi*  course  is  dorsad  of  M.  sterno-thyroideus  and  parallel  with 
Us  dorsal  border  to  Cp.  thyroideum  (Fig.  7,  38) ;  it  gives  filaments  to  M. 
crico-thyroideus  and  anastomotic  filaments  to  N.  descendens  noui,  which 
it  joins  opj)ositc  the  origin  of  A.  thyroidea  superior. 

N.  laryngeus  internus  enters  the  hyo-thyroid  foramen  and  divides  into 
a  cephalic  and  a  caudal  off'set:  the  cephalic  offset  (Fig.  7,  S.}.)  accom- 
panies the  ental  portion  of  A.  laryngea  superior,  pierces  M.  thyro-arytge- 
noideus  to  which  numerous  filaments  are  distributed,  takes  its  cephalic 
course  obliquely  towartl  the  ventrimeson  and  perforates  the  thyrohyoid 
inembnine  2  mm.  laterad  of  the  meson.  Terminal  filaments  of  this  oftset 
supply  the  epiglottis  (Fig.  7,  30),  thearyta'no-epiglottidoan  folds  (Id.  37), 
the  laryngeal  glands  (Id.  35),  and  the  mucous  membrane  of  the  larynx 
(Id.  So,  a).  A  twig  given  from  the  cci)halic  oflset,  2  mm.  peripherad  of 
the  foramen,  passes  entad  of  the  apposed  artery  (A.  laryngea  superior 
cntalis)  and  joins  the  caudal  offset  2  mm.  cephalad  of  the  caudal  border  of 
Ctl.  thyroidea  (Fig.  7  and  8,  30). 

The  enndtd  offset  lies  closely  apposed  to  the  ental  surface  of  Ctl. 
thyroidea  (Fig.  7  and  8,  3S);  its  first  twig  is  sent  dorso-caudad and  termi- 
nates upon  M.  crico-arytjenoideus  lateralis,  M.  arytajnoideus  and  M.  con- 
strictor pharyngis  inferior  (Fig.  8,  4(f)\  anastomotic  filaments  join  in  [)lex- 
iform  relation  with  its  dextral  hoinologue  and  with  the  pharyngeal  and 
CDPopliageal  j»lexuses.  The  principal  j^orlion  of  the  caudal  oflset  at  its  union 
with  the  twig  from  the  cephalic  offset  gives  off  radiating  filaments  upon 
the  ectal  surface  of  the  arytamoid  muscles  which  constitute  a  multiple 
palmate  plexus  (Fig.  8,  41. )\  a  twig  passes  dorsad  of  the  articular  facet  of 
Ctl.  cricoidea  and  joins  N.  laryngeus  inferior  (Fig.  8.  ^J).  Near  the  union 
of  the  twig  and  the  offset,  entad  of  cephalic  border  of  Ctl.  cricoidea  several 
filaments  penetrate  M.  crico-arytajnoideus  and  are  distributed  upon  the 
mucous  membrane  of  the  larynx. 
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Thoracic  division  of  K.  vagrus  sinister :  The  main  trunk  of  N. 
yagus  sinister  enters  the  thorax  dorsad  of  Y.  innominata  sinistra  at  the 
union  of  V.  subclavia  and  V.  jugularis  externa,  meso-dorsad  of  V.  verte- 
bralis  and  laterad  of  A.  carotidea  primitiva  sinistra.  In  tlie  thorax  cephalad 
of  the  arch  of  A.  aorta  the  nerve  lies  between  AA.  carotidea  and  subclavia 
meso-dorsad  of  A.  sternalis  until  it  reaches  a  point  10-15  mm.  cephalad  of 
A.  aorta,  at  which  point  it  rests  upon  the  ventral  surface  of  A.  subclavia 
and  crosses  the  arch  ventro-laterad  of  the  origin  of  A.  subclavia.  Opposite 
the  origin  of  A.  sternalis  the  nerve  is  crossed  by  N.  phrenicus  and  lies 
dorso-laterad  of  this  nerve  in  the  area  between  the  two  arteries  aforenamed. 

As  N.  vagus  enters  the  thorax,  two  fasciculi  from  the  middle  and  caudal 
areas  respectively  of  the  middle  cervical  ganglion  of  N.  sympathicus,  G. 
thyreoideum,  connect  N.  vagus  with  N.  sympathicus;  these  commissural 
fasciculi  are  about  3  mm.  apart.  Between  a  point  opposite  A.  sternalis 
and  the  arch  of  A.  aorta  the  trunk  of  N.  vagus  sustains  intimate  relations 
with  N.  sympathicus,  N.  cardiacus  magnus  and  N.  cardiacus  minor 
through  numerous  anastomotic  filaments  wiiich  constitute  aplexiform  net- 
work around  the  arteries,  trachea  and  oesophagus  in  this  region  of  the 
thorax — AA.  subclavice,  carotideaj  primitivse  and  innominata.  Opposite 
the  caudal  border  of  the  arch  of  A.  aorta  a  considerable  fasciculus  from 
the  main  trunk  about  5  mm.  in  length  joins  N.  laryngeus  inferior.  7  mm. 
pcripherad  of  this  fasciculus,  where  N.  largyneus  inferior  bends  around 
the  arch  of  A.  aorta,  a  ramulus  is  given  oflf  whose  interlacings  with  rami 
from  NN.  vagus  and  sympathicus  constitute  a  plexiform  network  which 
is  related  with  the  cardiac  plexus.  In  its  course  caudad  of  arch  of  A. 
aorta,  N.  vagus  passes  dorsad  of  the  root  of  the  left  lung. 

Pulmonary  Rami  :  Between  a  point  opposite  the  cephalic  border  of 
A.  pulmonaris  and  15  mm.  caudad,  N.  vagus  gives  several  ramuli  meso- 
ventrad  to  anastomose  with  terminal  filaments  of  N.  cardiacus  minor  and 
N.  laryngeus  inferior  in  the  formotion  of  the  ectal  (superficial)  cardiac 
and  the  ventral  (anterior)  pulmonary  plexuses.  From  the  same  region  of 
the  main  trunk  filaments  are  directed  meso-dorsad,  which  interlace  in  a 
dense  network  with  filaments  of  offsets  detached  from  the  main  trunk  of 
the  area  above  named,  and  with  terminal  filaments  of  N.  cardiacus  minor, 
and  other  filaments  from  N.  sympathicus  to  form  on  the  ventral  aspect  of 
the  trachea  just  cephalad  of  its  bifurcation,  a  large  plexus,  the  ental  car- 
diac— Pjt.  profundus  ma^ntis — from  w^hich  filaments  ramify  upon  the 
bronchi  and  have  intimate  relations  with  the  plexiform  network  w^hich  is 
formed  by  filaments  from  the  offsets  named  and  accessory  oflsets  from 
thoracic  ganglia  of  N.  sympathicus  around  the  bronchi, — dorsal  pulmonary 
plexus.  Offsets  from  this  plexus  may  be  traced  along  the  air  tubes  into 
the  substance  of  the  several  lobes  and  upon  the  broncho-pulmonary  mu- 
cous membrane  of  the  sinistral  lung.  The  ramuli  which  form  the  dorsal 
pulmonary  plexus  are  noticeably  larger  than  those  given  to  the  ventral 
plexus. 

CEsophi^eal  Rami :  Cephalad  and  caudad  of  the  pulmonary  rami 
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numerous  filaments  arc  directed  dorsad,  by  whose  anastomoses  and  union 
with  N.  sympiilhicus  is  formed  tlie  cesophageal  plexus  which  embraces  the 
entire  lengtli  of  tlic  thoracic  Qisophiigus.  Caudad  of  the  nimuli  given  to 
the  pulmonary  plexus,  V)-20  mm.  caudad  of  the  caudal  b,)rdor  of  the 
arch  of  A.  aorta,  X.  vagus  sinister  divides  into  sinistral  or  lateral  and  dex- 
tral  or  mosal  rami  (Fig.  9,  4O)  which  lie  respectively  upon  the  sinistral 
dorsum  and  vcMiter  of  the  adjacent  (esophagus.  The  lateral  ramux  trends 
dorso-caudad,  and  oO-OO  mm.  peripherad  of  its  origin  it  unites  with  the 
lateral  ramus  of  N.  vagus  dexter  in  a  median  line  upon  the  dorsum  of  tlie 
(csophigus,  to  CDnstitute  a  single  dor.^al  trunk  for  about  ^^o  mm.  (Fig.  9, 
47).  Numerous  anastomotic  lilamcnts  from  the  two  rami  of  N.  vagus 
sinister  and  tlie  rami  of  X.  vagus  dexter  interlace  in  the  oisophagcal  plexus 
trom  wliich  filaments  are  given  to  tlie  muscular  tissue  and  mucous  mem- 
brane of  the  o'-ioj^hagus.  Tlui  uniied  dorsal  trunk  perforates  the  dia- 
phragm and  enters  the  abdomen  as  the  gustrir,  nerve. 

The  mrHffl  niinit>^  of  X.  vagus  sinister  trends  ventro-caudad,  and  20-25 
mm.  peripliera-l  of  its  origin  is  joined  by  its  dexti*al  homologuo  (Fig.  9, 
4S),  and  these  two  mcsal  rami  constitute  a  united  ventral  trunk  which  lies 
in  the  caulal  medi  istinum  uj)on  the  venter  of  the  ai^sophagus  and  perfo- 
rating the  diiiphragm  near  the  meson,  lies  on  the  venter  of  the  cardia  (Fig. 
IS).  A  sliglr  twig  eonner.'ts  the  two  mesal  rami  2  mm.  peripherad  of 
their  origins.  From  the  thoracic  portion  of  the  ventral  trunk  anastomotic 
filaments  are  given  to  its  homologue  in  the  formation  of  the  (e.sophageal 
plexus. 

The  tlioracic*  portion  of  X.  viij^us  de.vter  lies  ventrad  of  A.  sub- 
clavia  and  mesad  of  A.  sl(*niali<;  at  tin;  caudal  border  of  A.  subclavia  it 
bends  sliirhtly  dorsad  to  pass  mesad  of  \'.  vertebralis  at  its  junction  with 
V.  innoniiriata.  it  continues  laterad  of  the  trachea,  entadof  V.  a/.ygos  and 
dorsad  of  tin*  root  of  the  riglit  lung.  As  th(^  main  trunk  enters  the  thonix 
it  sustain^  intimate  relations  throuLdi  anastomotic  twigs  ^vith  X.  cardiacus 
mignus,  X.  eanliaeiis  minor  and  the  inferior  c«'rvieal  ganglion  of  N. 
sympalliieus  (Kiij.  10).  IT)  mm.  caudad  of  A.  subelavia  a  considerable 
ramus  is  directed  meso-eaudad  and  accompanies  a  large  ramus  detached 
entad  of  \'.  azviros  ;  these  cardiac  rami  pass  meso-ventrad  around  the  base 
of  the  riglil  i>ulmonary  artery  and  to  the  right  auricle  (Px.  cardiaciisectalis). 
Three  or  four  ramuli  arc  t^iven  oil  bc^tween  A.  subclavia  and  V.  azygos 
whose  ramitb-ations  interlace  the  i)lexus  of  the  trachea  and  (esophagus. 
From  the  1*2-14  mm.  of  the  trunk  dorsad  of  the  lung,  numerous  filaments 
are  dire;t(Ml  mesad  and  ventrad  to  join  the  pulmonary  i)lexu.s  (Fig.  9). 
Cauda«l  of  this  point  and  opposite  the  bifurcation  of  its  sinistral  homologue 
the  dextral  nerve  bifurcates  into  lateral  and  me.sal  rami  (Fig.  0,  .y-i)\  cau- 
dad of  the  bifurcation  the  lateral  ramus  tnuids  dorso-caudad  until  it  joins 
its  sinistral  homologue  already  described.  The  mesal  nimus  gives  re- 
current ramuli  cephalad  to  the  dextral  border  of  the  pulmonary  plexus. 
Several  oth(;r  anastomotic  filaments  are  det-jiched  from  the  ramus  between 
the  root  of  the  lung  and  the  union  with  its  fellow  which  terminate  in  the 
esophageal  plexus  (Fig.  9). 
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NN.  laryngei  inferioros,  recurrent  or  inferior  branches  of  N. 
vagus,  tracheal  recurrents,  have  the  following  general  characters  in  com- 
mon, viz.:  their  general  cephalic  direction;  their  disposition  along  the 
dorso-lateral  border  of  the  trachea;  the  anastomotic  character  of  their 
ramuli ;  the  distribution  of  the  terminal  filaments;  the  sensory  function  of 
the  fibre.  Distinctice  cJuiracters:  their  origin;  their  length;  their  disposi- 
tion in  the  thorax;  the  relative  number  of  anastomotic  filaments;  the  num- 
ber of  tracheo-Gcsophagcal  ramuli. 

Special  description :  ^.  laryngeiis  inferior  sinister,  the  sinistral  re- 
current nerve,  branches  from  the  mesal  aspect  of  the  main  trunk  of  N. 
vagus,  1-3  mm.  cephalad  of  tlie  arch  of  A.  aorta  (Fig.  9,  45);  *  its  course 
is  caudad,  apposed  to  the  mesal  side  of  the  main  tnink  as  far  as  the  root 
of  A.  subclavia  sinistra  where  the  main  trunk  crosses  the  arch  of  A.  aorta. 
Upon  the  ventral  aspect  of  the  arch  of  A.  aorta,  N.  laryngeus  inferior  sep- 
arates from  the  main  trunk  upon  the  mesal  side,  and  twisting  around  the 
concave  aspect  of  the  arch  about  1  mm.  siuislrad  of  the  obliterated 
"ductus  arteriosus,'*  it  trends  meso-dorsad.  and  returns  cephalad  along 
the  dorso-lateral  border  of  the  trachea,  between  the  trachea  and  the  oeso- 
phagus, as  a  *' recurrent  nerve*'  (Fig.  9,  nO).  At  the  caudal  border  of  the 
larynx  N.  laryngeus  detaclies  several  ect^il  filaments  to  M.  crico-thyroideus 
(Fig.  8),  passes  entad  of  a  caudal  twig  of  A.  thyroidea  superior,  bends 
dorsad  around  the  articular  facet  ofCtl.  cricoidea  (Fig.  8)  and  enters  the 
larynx  as  an  ental  nerve.  A  slender  anastomotic  twig  passes  octad  of  the 
arterial  twig  named  and  may  be  traced  dorsad  of  the  nerve  trunk  until  it 
joins  a  corresponding  twig  from  the  caudal  division  of  N.  laryngeus  su- 
perior (Fig.  7,  J[f,  a).  Pharyngeal  nimuli  from  the  ental  nerve  are  dis- 
tributed to  M.  constrictor  pharyngis  inferior;  other  dorsal  filaments  supply 
M.  aryta;noideus  posterior  and  M.  arytjenoideus;  ventral  filaments  supply 
MM.  crico  arytienoideus  lateralis  and  thyro-ar3'tft^noidcns,  while  t(^rminal 
filaments  reach  the  sub-glottic  mufous  membrane.  Upon  the  ectal  surfaces 
of  MM.  crico-aryticnoideus  posterior  and  crico-arytienoideus  lateralis  a 
multiple  palmate  plexus  is  formed  by  anastomotic  filan^ents  of  NN. 
laryngeus  sujKTior  and  laryngeus  inferior  (Fig.  8,  /fl). 

y.  hiryufjCHs  inferior  dexter  is  detached  from  the  main  trunk  of 
X.  vagus,  12  mm.  cephalad  of  the  origin  of  A.  subclavia,  where  the  main 
trunk  is  dispo.sed  upon  tl^e  ventral  aspect  of  A.  subclavia  (Fig.  10);  N. 
laryngeus  dexter  is  immediately  directed  caudad  over  the  venter  of  the 
artery,  is  reflected  around  the  caudal  aspect,  and  assumes  a  meso-dorsal 
direction  to  the  dextral  side  of  the  trachea,  and  is  disposed  like  its  sinistral 
homologue,  with  the  exception  of  having  fewer  anastomotic  filaments. 
Periphenul  of  the  origin  of  N.  laryngeus  inferior  dexter,  dorsad  of  A.  sub- 
clavia, ramuli  are  given  to  the  deep  cardiac  and  the  posterior  pulmonary 
plexuses;  another  ramulus  cephalad  joins  its  sinistral  fellow,  a  third,  the 
thoracic  cardiac,  is  directed  caudad  by  the  side  of  the  main  trunk  of  N. 
vagus  dexter,   and  terminates  in  the  dextral  bronchial  plexus.     As  N. 

*  An  occiisional  origin  is  S-10  mm.  cephalad  of  cepbalio  border  ot  aroh  of  A. 
aorta.  * 
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laryngeus  inferior  dexter  bends  around  A.  subcla via,  just  dorsad  of  A. 
Bternalis,  a  branch  is  given  off  caudad,  which,  10-12  mm.  from  its  origin, 
joins  N.  cardiacus  minor  (Fig.  10),  and  these  apposed  trunks  are  joined  5 
mm.  periplierad  by  N.  cardiacus  magnus  dexter,  and  .the  trunk  tlius  con- 
stituted passes  dorsad  of  V.  cava  descendens  and  A.  innominata  to  the 
dorso-caudal  border  of  the  arch  of  A.  aorta,  wliere  it  terminates  in  Px.  mag- 
nus profundus,  from  whicli  filaments  proceed  to  tiic  ventral  and  dorsal 
coronary  and  the  pulmonary  plexuses. 

TVacTieo-cesophageal  rarnuU  of  N.  laryngeus  inferior  (Fig.  11,  12). 
General  characters:  these  ramuii  of  the  sinistral  and  dcxtral  nerves 
have  in  common  the  following  cliaracters — their  origin;  general  direction; 
numerous  terminal  filaments;  the  plexiform  relation  of  these  filaments; 
their  mode  of  entering  lar3'nx;  their  distribution  upon  its  mucous  mem- 
brane; distribution  of  the  dorsal  filaments  to  cesophagus.  Distmctive 
eharacUrs :  the  smaller  number  of  mmuli  from  the  dextral  side  than  from 
the  sinistral;  the  homologue  of  the  first  sinistral  nerve  is  always  found  as 
a  ramulus  from  the  main  trunk  caudad  of  the  origin  of  N.  laryngeus  in- 
ferior dexter  (Fig.  12);  the  terminal  filaments  of  the  dextral  side  are  less 
numerous  than  those  of  the  corresponding  nerves  of  the  sinistral  side.* 
Special  description:  opjwsite  the  cephalic  border  of  the  arch  of  A.  aorta 
the  first  tracheal  ramulus  is  detached  (Fig.  11, 1'^rm.);  a  considerable  offset 
is  directed  caudad  from  the  origin  to  Px.  magnus  profundus;  2  mm. 
peripherad  of  origin  an  anastomotic  filament  joins  N.  vagus  8  mm.  caudad 
of  origin  of  N.  laryngeus  inferior;  6  mm.  peripherad  of  origin  the  ramulus 
bifurcates,  the  longer  division  is  distributed  upon  the  dorsum  of  the 
trachea  30  mm.  cephahul  of  the  arch  of  A.  aorta;  the  shorter  or  caudal 
division  sends  filaments  to  Px.  cardiacus  ventralis,  toPx.  magnus  profundus 
and  to  the  bronchioli. 

Five  mm.  cephalad  of  the  first  ramulus  a  second  is  given  to  the  venter  and 
the  sides  of  the  trachea  over  that  portion  corresponding  to  the  distribution 
of  th«?  cephalic  division  of  the  first  ramus  upon  the  dorsum. 

Ten  mm.  cephalad  of  the  second  ramulus  an^  nearly  opposite  the  origin 
of  A.  sternalis,  the  longest  ramulus  is  detached  ;  this  divides  into  three 
offsets,  the  caudal  is  distributed  to  the  venter  of  the  (esophagus,  the 
median  to  the  sides  of  the  trachea,  the  cephalic  lies  just  laterad  of  the 
Tentrimeson  and  gives  two  considerable  fasciculi,  whose  terminal  filaments 
Bupply  the  walls  of  the  trachea  ;  the  terminal  filaments  of  the  ramulus 
are  traceable  nearly  to  Ctl.  cricoidea. 

Opposite  the  sixth  cervical  vertebra  the  fourth  ramulus  is  detached, 
^hose  filaments  anastomose  with  the  preceding  ramulus,  and  supi)ly  the 
dorsum  of  the  trachea  and  venter  of  adjacent  (esophagus  along  the  entire 
cervical  region  from  the  thorax  to  the  larynx. 

The  fifth  tracheal  ramulus  takes  its  origin  10mm.  caudad  of  Ctl.  cricoidea 

*  The  double  ramull  sometimes  occur  with  separate  orlf^lns ;  this  apparent 
Increane  of  rumull  may  bo  regarded  as  a  modiflcation  and  not  a  violation  of  the 
plan.  In  the  special  description  the  details  of  measurements  of  a  single  speol- 
tnen  are  given. 
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(Fig.  8  and  11,  50).  This  ramulus  is  largely  if  not  exclusively  obso- 
phageal  and  joins  in  Px.  pharyngcus ;  the  caudal  or  recurrent  portion  is 
reflected  c^^iudad  upon  the  cesophagus. 

Gastric  nerves :  Caudad  of  the  diaphragm  the  dorsal  gr^^^tric 
nerve  splits  into  several  terminal  ramuli,  the  longest  of  which  terminate** 
in  ganglion  semi-lunare  of  the  great  solar  plexus,  Px.  Solaris ;  near  the 
cnrdia  numerous  filaments  are  distrihuted  to  the  cardia  ;  offsets  supply  the 
lesser  curvature  of  the  stomach,  the  plexus  around  A.  coronaria  ventriculi. 
and  the  dorsal  surface  of  the  stomach  ;  ramuli  may  be  traced  to  the  plexus 
around  A.  hcpatica  (Px.  hepaticus),  A.  splenica  (Px.  splenicus),  A.  inesen- 
terica  superior  (Px.  mosanvicus).  At  the  cardia,  terminal  filaments  of  the 
ventral  trunk  are  distributexl  to  the  lesser  curvature  of  the  stomach,  a 
few  join  terminal  filamt-nls  of  the  dorsal  trunk  (Fig.  13),  and  others  still 
may  be  tractMl  to  tlie  great  solar  plexus,  from  wiiich  ramuli  enter  the 
gastro-hfpatic  omentum  and  join  the  hepatic  plexus.  This  ana.stomosis  of 
the  dorsal  and  ventral  trunks  in  the  solar  plexus  constitutes  the  '•memor- 
able loop  of  Wrisbcrg." 

SU1>IMARY. 

A.  Anatomical.  1.  Origin — 12-14  filaments  along  a  line  ventro- 
latenid  of  C'p.  ri'stiforme,  and  by  4-0  filaments  veutrad  of  oliva. 

2.  Foramen  of  exit— foramen  lacerum  posterius. 

3.  Gaiig"lia — <».  jugulare,  in  the  proximal  end  of  foramen  of  exit — 
G.  infi'rius,  lomm.  perii)hcmd. 

4.  Relations  of  ganjirlia— O.  jugulare,  with  XX.  facialis  (\^I), 
glosso-i»harvn.«rt'ns  (IX),  accnssorius  (XI),  sympathious  :  G.  inferius,  with 
XX.  glosso-pliaryngeus  (IX),  accossorius  (XI),  hyi)oglossus  (XII), 
pharynLCcus.  larynucns  sup<.'rior,  sympathiciis. 

5.  Px.  f;"anj;"liformis  -  the  5  mm.  of  trunk  i)eriplierad  of  G.  jugu- 
lare ;  it  is  torin<'(l  by  accessory  portion  of  X.  accessorius,  anastom(»lic 
filamciils  bciwccji  XX.  vagus  and  accessorius,  filaments  to  X.  pharyngcus, 
and  X.  >ynii):rihicus. 

().  Princii>al  rami — respective  nricrin«j  and  general  distribution  :  Rm. 
auri«-ul:iri>,  (I.  jugulare  to  N.  facialis;  X.  pharyngcns.  Px.  gangli- 
formis  to  V\.  ])l»arviig('us  and  lesophagaais  ;  N.  laryngeus  superior,  (». 
infcriu-?  to  l:jryn\  ;  N.  laryngeus  inferior,  X.  vagus  near  arch  of  A.  aorta 
to  trachea  antl  (csopliagus  ;  Km.  cardiaci,  trunk  of  X.  vagus  proxiniad 
ofba^e  of  heart  to  Px.  cardiaci;  Km.  i)nlnH)nan*s.  trunk  of  X.  vagus 
proxinnd  of  root  of  lungs  to  Px.  i)ulmonares  ;  anastomotic  filaments  to 
N.  syni))i!liiciis. 

7.  Bi furcation — dorso-laterad  from  roots  of  lungs  into  lateral  and 
mesal  rami. 

8.  Formation  of  nerve  trunks -dorsal  trunk  by  union  of  lateral 
rami  =^  dorsul  gaNtri(;  nerve  (X.  gastricus  dor.^alis) — ventral  trunk  bv 
union  of  me^il  rami  :—  ventral  gastric  nerve  (X.  gastricus  vcntralis). 

9.  Termination— ganglia  semi-lunaria  of  Px.  Solaris  in  loop  of 
Wrisber-i. 
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B.  Physiologrlcal — sensibility  of  mucous  membrane  of  pharynx, 
larynx,  trachea,  bronchi,  bronchioli — motion  of  pharynx,  larynx  ;  reflex 
movements  of  broncho-pulmonary  passages,  (psophagus  and  stomach — 
action  upon  secretions,  e.  g.,  gastric  juice,  biliary  products,  etc.* — indirect 
influence  upon  phenomena  of  respiration  and  of  "inhibition/' 

Explanation  of  the  Numbers  and  Abbreviations  used  in  the 

Figures. 

A.  bas.,  A.  basilaris ;  A.  cb.,  A.  cerebralis  posterior;  A.  cbl.,  A.  ccre- 
bellosa  inferior ;  A.  ver.,  Artcria  vertebralis ;  Ar.  el.,  area  clHptica  (possibly 
related  to  olivary  body)  ;  ?,  elongated,  pyriform  area  lateral  from  Ar.  el., 
whose  homology  is  not  determined  ;  Cb.,  cerebnim  ;  Cbl.,  cerebellum  ; 
Ch.,  chiasma ;  di)y.,  dorsipyramis  (pOvSterior  pyramid)  ;  Ehr.,  G.  Ehren- 
ritteri  ;  hph.,  hypophysis  ;  I.,  G.  inferius  ;  J.,  G.  jugiilare  ;  mtc,  meta- 
coelia  (fourth  ventricle);  O.,  oliva,  corpus  olivarium  (?)  ;  olf.,  lobus 
olfactorius  ;  opt.,  N.  opticus  ;  Pe.,  G.  petrosum  ;  Px.ch.,  plexus choroideus 
lateralis  ;  Px.  phar.,  plexus  pharyngeus  ;  Pn.,  Pons  Varolii ;  Rf.,  corpus 
restiforme;  Vpy.,  ventripyramis  (anterior pyramid)  ;  IL,  N.  opticus;  III., 
N. 'motor  oculi ;  V.,  NN.  trigemini  ;  VI.,  N.  abducens  ;  VII.,  N.  faci- 
alis ;  VIII.,  X.  auditorius,  Portio  mollis;  IX.,  N.  glosso-phar3'ugeus ; 
X.,  N.  vagus  ;  XI.,  N.  accessorius  ;  XII.,  N.  hypoglossus  :  1,  accessor)' 
filament  from  N.  glosso  pharyngeus  ;  2,  Rm.  auricularis  ;  3,  anastomotic 
twig  ft-om  J.  to  Pe.  ;  4,  filament  from  origin  line  of  IX.  to  2  ;  5,  ramulus 
from  2  to  cochlea  ;  0,  anastomotic  twig  to  N.  sympathicus  ;  7,  chorda 
tympani  ;  8,  anastomotic  twig  from  Pe.  to  X.  ;  10,  Rm.  accessorius  from 
XI.  ;  11,  second  accession  from  XI.  ;  12,  anastomotic  filaments  between 
X.  and  XI.  ;  lU,  filament  from  XII.  to  I.  ;  14,  Rm.  from  XI.  to  I.  ;  15. 
superior  cervical  ganglion  of  N.  sympathicus  ;  10,  pharyngeal  ramus  from 
IX.  at  Pe.  ;  17.  anastomotic  filament  from  10  to  I.  ;  IS,  anastomotic  fila- 
ment from  10  toPx.  phar.  ;  19,  filament  from  10  to  X.  laryngeus  superior ; 
20,  cephalic  ramus  of  IX.  ;  21,  caudal  ramus  of  IX.  ;  22.  X.  i>haryngeu8  ; 
22  a,  cephalic  ramus  ;  22  b,  caudal  ramus  ;  23,  filament  from  22  to  I.  ;  24, 
pharyntreal  ramus  of  22  b  ;  25,  oesophageal  ramus  of  22  b  ;  20,  filament 
from  25  to  22  a  ;  27,  X.  lar^-ngeus  superior  ;  28,  cephalic  =  ental  ramus; 
29.  caudal  ^^  ectal  ramus  ;  a,  twig  to  50  ;  30,  pharyngeal  ramus  of  29  ; 
31.  filament  from  30  to  25  ;  32,  Rm.  of  29  to  Mb.  crico-thyroidc^a  ;  :^J,  to 
Cp.  thyroideum,  a,  to  descendens  noni  ;  34,  cephalic  offset  of  28  ;  35,  fila- 
ments to  interior  of  larynx  ;  30,  to  epiglottis  ;  37,  to  arytieno-epiglotlidean 
folds  ;  38,  caudal  offset  of  28  ;  39,  twig  from  34  to  38  ;  40,  twig  from  38  to 
31.  arytienoideus,  etc.  ;  41,  palmate  plexus  ;  42,  ramus  to  50  ;  43,  X.  Ciir- 
diacus  magnus  sinister  ;  44,  X.  cardiacms  minor  ;  45,  origin  of  50  ;  40, 
division  <A  X.  vagus  sinister  ;  47,  union  of  lateral  nimi  ;  48,  union  of 
mesal  rami  ;  49,  division  of  X.  vagus  dexter ;  50,  X.  laryngeus  inferior. 

•  The  extent  to  which  secretions  and  excretions  may  be  referred  directly  to  N. 
vacuus  is  questionable. 
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Description  of  the  figures. 

Fig.  1. — General  view  of  venter  of  brain  ;  special  reference  to  venter  of 
medulla,  area  post  pontilis,  showing  relations  of  lines  of  origin -filamentB 
of  NN.  glosso-pliaryngcus,  vagus,  and  liypoglossus  ;  also  ectal  relations, 
ventripyramis  (vpy.).  area  elliptica  (ar.  el.),  and  the  lateral  tract  (?). 

Fig.  2. — View  of  sinistral  surface  of  brain,  special  reference  to  curved 
line  of  origin -filaments  of  N.  vagus  and  to  origin  line  (L)  ventrad,  And 
their  relations  ;  the  cephalic  filaments  of  N.  accessorius  (XI)  are  in  the 
depression  line  ventral  from  lif.,  while  the  caudal  filaments  have  their 
origin  in  the  dei)ression  line  latenil  from  O. 

Fig.  3. — Diagnim  to  show  the  origin  of  N.  vagus  ventro-lateral  to  Rf.  ; 
also  thai  N.  accessorius  (XI)  has  its  cephalic  filaments  from  the  same  de- 
pression line,  and  its  caudal  filaments  from  the  depression  line  ventro- 
lateral to  O  ;  N.  liypoglossus  (XII)  is  dorso-lateral  to  ar.  el. 

Fig.  4. — Dorsal  aspect  of  metencephalon  (medulla)  showing  origins  of 
NN.  IX,  X,  XI  ;  metacQ'lia  (mtc),  dorsipyramis  (dpy.),  corpus  resti- 
forme  (Hf.),  oliva  (O),  and  the  latenil  tract  (?). 

Fig.  5. — To  show  relations  of  origin -filaments  ;  of  lim.  auricularis  ;  of 
G.  jugularc  ;  of  Ct.  pctrosum  ;  of  G.  inferius.  G.  Ehrenritteri  is  removed 
from  its  normal  relation  which  is  ectal  to  G.  jugulare,  and  is  placed 
cephalad  to  expose  the  parts.  N.  XII,  is  refiected  dorsad  to  expose  origin 
of  N.  pharyngpus  and  anastomotic  ramus  from  Pe.  The  dotted  lines 
represent  NN.  hyo-thyroideus  and  descendens  noni.  Px.  pliar.  = 
pharyngeal  plexus. 

Fig.  0.  is  Fig.  5,  dissected  to  show  Rm.  accessorius  given  to  J.,  and  the 
second  acces>i()n  to  tho  trunk  periphenil  to  J.  ;  N.  XII,  is  omitted  as  are 
the  anastomotic  tilaments  of  Px.  gangliformis  ;  the  dotted  line  shows  the 
direction  of  the  filaments  from  X.  XI,  to  N.  pharyngeus. 

Fig.  7. — X.  liiryngcus  superior  ;  origin  ;  division  ;  distribution  of  ental 
or  cephalic  and  (?ctal  or  caudal  nimi  ;  anastomotic  relation  between 
pharyngeal  raiuulus  of  the  ectal  ramus  and  the  a'sophageal  mmus  of  N. 
j)haryngeus. 

Fig.  H.  —  N.  larvnixeus  inferior.  To  show  the  larvnujeal  relations  of 
N.  laryngcus  inferior  ;  cnlad  of  Ctl.  thyroideus  ;  the  palmate  plexus;  the 
anastomotic  tiliinicnls  of  XN.  laryngcus  sujxTior  and  laryngeus  inferior  ; 
the  ph.iryni:<'al  ramus  of  X.  laryngcus  inferior  (5  ;. 

Fig.  t). — X.  laryngeus  inferior  sinister.     To  show  its  origin  ;    relations 

with    A.   aorta   and  adjacent    plexus  ;    relations   of   N.    vagus   with    N. 

sympatliieu^  :   division  of  X.  vagus  dorso-caudad  of  root  of  lungs  ;    the 

relation^  of  the  lateral  and  the  niesal  rami  ;  the  dorsal  and  the  ventral 
pulmonary  plexus  ;  the  formation  and  the  relations  of  the  dorsal  and  the 
ventral  nerve  trunks. 

Fig.  to. — X.  laryngeus  inf(»rior  <lexter.  To  show  its  origin  ;  its  relations 
with  A.  subelavia  :  relations  of  N.  vagus  with  X.  sympathicus. 

P'ig.  It  and  1*2. — Tra(;heo-resophageal  rsimuli  of  X.  laryngeus  inferior 
8inist<;r  and  dexter  respectively. 

Fig  l:^ — Distribution  and  relations  of  the  ventral  gastric  nerve  and  tlie 
ramus  which  terminates  in  the  dextral  G.  semilunare  of  Px.  Solaris. 
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Conifibuiions  to  the  HUtory  €(f  the  VerUibrata  of  tht  Lowfr  Eocene  of 
Wyoming  and  New  Mexico,  made  during  1881.    By  E,  D,  Cope. 

(Read  before  the  American  PhUoeophical  Society,  Dec.  16,  1881.) 

L  The   Fauna  of  tub  Wasatch  Beds  of  the  Basin  of  the  Bio 

HoBN  Riyer. 

The  basin  of  the  Big  Horn  river  contains  the  most  northern  area  of  the 
deposits  of  the  Wasatch  or  Suessonian  epoch  known.  In  order  to  ascer- 
tain whether  the  fauna  it  contains  differs  in  any  way  from  tliat  I  discov- 
ered in  the  corresponding  beds  of  New  Mexico  in  1874,  I  sent,  during  the 
past  season,  an  expedition,  under  the  direction  of  J.  L.  Wortman,  already 
known  troxxi  his  successful  exploration  of  the  Wind  River  basin  in  1880. 
The  present  paper  gives  a  review  of  the  results  of  the  season's  work,  pre- 
faced by  an  account  of  the  geology  furnished  by  Mr.  Wortman.  The 
species  herein  described  are  being  engraved  for  the  fourth  volume  of  Dr. 
Hayden*s  report  of  the  United  States  Geological  Survey  of  the  Territories, 
now  passing  through  the  press. 

1.  The  Geology  of  the  Big-Hom  Basin,  by  Jacob  L.  Wortman, 

As  early  as  1859  Dr.  Hayden  described  in  detail  the  Tertiaiy  sediment 
occupying  the  upper  drainage  basin  of  the  Big-Horn  river,  which  he  deter- 
mined as  belonging  to  the  lower  Eocene  formation,  and  applied  the  name 
Wind  River  group,  from  its  being  exposed  along  the  Wind  river,  a  name 
given  to  the  upper  portion  of  the  Big-Uorn.  From  an  extensive  collec- 
tion of  vertebrate  fossils  made  by  the  writer  at  this  horizon,  during  the 
sammer  of  last  year,  Prof.  E.  D.  Cope,  for  whom  the  collection  was  made, 
has,  in  a  bulletin,  U.  8.  Geol.  Surv.  Terrs.,  F.  V.  Hayden,  Vol.  vi.  No. 
1,  1881,  confirmed  this  determination,  and  discussed  at  length  the  faunal 
relations  they  bear  both  to  the  Bridger  and  Wasatch  beds  respectively. 
The  conclusions  reached  are,  that  this  series  is  intermediate  to  a  certain 
degree,  containing  genera  hitherto  reganlcd  as  peculiar  to  each.  This 
upper  basin  covers  quite  an  extensive  area,  and  is  bounded  upon  every 
aide  by  lofty  mountains.  The  Owl  Greek  mountains,  which  afforded  a 
barrier  to  the  waters  of  this  Eocene  lake  on  the  north,  has  subsequently 
been  cleft  by  the  Big-Horn,  leaving  a  deep  and  rough  canon,  through 
which  it  now  flows  in  its  course  north  to  the  Yellowstone.  After  passing 
the  Owl  Creek  mountains  it  emerges  into  a. second  or  lower  basin,  com- 
monly called  the  Big-Horn  basin  proper.  Tliis  one  covers  a  much  larger 
area  than  the  upper,  and  like  it  is  walled  in  by  mounhiin  ranges, 
and  filled  with  a  mass  of  sediment^iry  rock  which  is  also  referable  to  the 
lower  Eocene  series. 

During  the  summer  of  the  present  year  the  writer  has  been  engaged  in 
flirther  exploration  of  this  interesting  region,  which  resulted  in  the  col- 
lection of  a  large  number  of  extinct  vertebrates,  obtained  exclusively  from 
the  lower  Eocene  horizon  of  the  Big-Horn,  and  which  have  all  been  sub- 
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inltted  to  Prof.  Cope,  at  whose  instance  the  party  was  organized  and 
equipped. 

Dr.  Huyclcn  has  made  the  observation  that  upon  the  eastern  slope  of  the 
Wind  liivcr  luonntains  all  the  corresponding  strata  are  visible  from  the 
Silurian  to  the  Cretaceous;  this  is  also  true  of  the  northern  slope  of  the 
Owl  Creek  mountains,  while  the  southern  side  does  not  exhibit  such  con- 
tinuity of  structure.  Uiwn  entering  the  basin  from  the  south,  the  older 
formations  are  seen  to  extend  towards  its  centre  for  a  distance  of  ten  miles, 
inclining  at  an  angle  of  30^  to  the  north,  while  the  level  of  the  Tertiary 
has  been  little  or  not  at  all  disturl>cd  since  its  deposition.  That  this 
basin  contained  a  separate  and  isolated  body  of  water,  limited  by  its  pres- 
ent lx>undaries,  which  were  outlined  about  the  beginning  of  the  Wasatch 
epoch,  there  is  everj'  reason  to  believe.  A  section  made  by  the  Blg-Horn 
at  the  southern  extremity  shows  the  Tertiary  to  rest  unconformably  apon 
a  thick  mass  of  buff  colored  sandstone,  rather  coarse  in  texture,  somewhat 
laminated,  and  towards  the  bottom  interspersed  with  thin  layers  of  im- 
pure lignite  var^'ing  from  six  inches  to  one  foot  in  thickness.  This  sand- 
stone most  pn>bably  l>e1ong8  to  the  Laramie  series,  but  in  the  absence  of 
fossils  the  determination  is  by  no  means  satisfactory. 

The  Eocene  sediment  covers  a  large  part  of  the  basin,  and  cannot  be 
less  than  4000  feet  in  vertical  depth.  This  mass,  once  continuous  over  a 
large  area,  has  since  been  airved  and  weathered  into  many  fantastic  and 
remarkable  forms,  presenting  at  once  a  bold  and  striking  appearance,  a 
characteristic  feature  of  the  western  Tertiary  bad  lands. 

Beginning  at  the  souiIktu  limit  at  a  point  opposite  the  mouth  of  Meyers 
creek,  on  the  east  side  of  the  rivi»r,  a  series  of  low  l>ad  land  bluffs,  facing 
to  the  west  and  gnidually  becoming  higher  as  they  proce(xl,  describe  a 
gentle  curve  to  the  north,  terminating  at  the  river's  etlge  30  miles  below. 
The  chanu'ter  of  ilur  country  between  the  rivt^r  and  these  bluffs  is  a  barren 
sage  brush  plain,  while  back  (»f  the  bluffs  a  high  nu^sa  occupies  the  conn- 
try  for  many  miles.  On  the  west  side,  numen>us  rivers,  creeks,  and  their 
lril)Utaries.  ])utting  down  (nm\  the  Sierra  Shoshone  range,  have  excavated 
the  mass  in  every  direction,  leaving  bold  escarpments,  high  l»ad  land  buttes. 
elevated  tabh^s.  with  innumerable  gulches  and  ravines.  Country  of  this 
chanicter  stretchers  tar  away  to  the  northern  limit,  near  the  Big  Horn  gap, 
presenting  that  desolate  and  sombre  appearance,  so  often  met  with  in  bad 
land  regions. 

Its  c()mi>osition  may  be  described  as  consisting  of  various  colored  clays 
alternating  with  layers  of  brown  and  blue  sandstone,  although  that  even- 
ness of  stnitification  by  which  a  single  layer  of  either,  in  one  part,  could 
Ikj  identified  in  another,  does  not  exist.  Those  exiK)sures,  for  example,  on 
i\\v.  east  side  of  the  Big- Horn  are  highly  arenaceous,  the  clay  and  aand 
existing  in  almost  equal  proportions,  while  in  the  exposures  along  the 
Grey  Bull  river,  and  in  the  vicinity  of  Coryphodon  butte,  the  quantity  of 
sand  is  greatly  diminished,  and  is  found  in  separate  layers.  The  prepon- 
derance of  the  red  clay  is  a  marked  feature,  and  has  called  forth  the 
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remark  from  Dr.  Hayden,  relative  to  the  sediment  of  the  apper  basin, 
'*  that  they  remind  one  of  the  Jura  Trias  red  beds."  This  remark  is  forci- 
bly illustrated  by  the  character  of  the  sediment  found  in  the  south-western 
part  of  the  basin,  near  the  head  of  Gooseberry  creek,  where  the  exposures 
consist  largely  of  thick  strata  of  the  red  clay,  which  gradually  thin  out  to 
the  north  and  east,  blending  with  the  pink«  blue,  and  buff  colors.  In  the 
northern  part  of  the  basin,  and  along  Stinking  river,  the  sediment  consists 
almost  exclusively  of  a  pale  yellow  sandstone  of  a  bluish  tinge,  from  which 
few  fossils  were  obtained. 

The  clays  contain  much  lime  in  the  form  of  small  limestone  nodules  of 
a  rusty  brown  appearance,  in  which  the  fossils  are  often  found,  having  a 
thin  and  intensely  hard  layer  of  ferrous  oxide  investing  them  externally. 
In  the  red  the  fossils  are  always  scarce  and  fragmentary,  and  when  found 
are  usually  such  parts  as  would,  under  the  most  favorable  circumstances, 
be  preserved.  The  blue  seems  to  be  the  more  productive,  and  to  have 
offered  better  conditions  for  their  preservation  ;  but,  owing  to  the  fact  that 
lime  forms  the  petrifying  base,  and  beipg  less  able  to  withstand  the  heavy 
pressure  than  many  other  materials,  the  fossils  from  both  the  red  and  the 
blue  are,  as  a  general  rule,  greatly  distorted  and  crushed.  This  fragmen- 
tary occurrence  of  fossils  in  the  fine-grained  clay,  I  am  inclined  to  believe,, 
is  due,  not  to  a  scattering  of  the  bones  by  currents,  but  rather  to  imperfect 
'  and  unfavorable  conditions  for  their  preservation.  That  entire  skulls  and 
skeletons  were  deposited,  where  now  nothing  but  the  teeth  remain,  I  am 
well  satisfied  from  the  circumstance  that  both  superior  and  inferior  series 
are  not  unfrcquently  found  in  proper  position  without  a  trace  of  ramus  or 
cranium.  In  the  sandstones,  however,  the  fossils  are  in. a  magnificent 
state  of  preservation,  but  their  extreme  scarcity  in  this  material  gives  the 
collector  many  long  and  fruitless  searches.  Two  skeletons  which  have 
proven  of  considerable  interest  were  all  of  any  consequence  that  were 
obtained  from  the  sandstones. 

The  general  stratigraphical  appearance,  as  well  as  the  scattered  and 
fragmentary  condition  of  the  fossils,  together  with  the  community  of  a 
large  number  of  genera,  refer  it  to  the  Wasatch  epoch,  •but  a  full  discus- 
sion of  this  point  belongs  properly  to  the  paleontologist.  A  thorough 
elucidation  will  be  found  in  Prot.  Cope's  paper  on  the  fossils. 

Tlie  exploration  of  this  region  is  most  arduous  and  difiicult.  The  great 
scargity  of  water  in  these  bad  land  wastes,  makes  it  very  inconvenient, 
and  renders  it  necessary  to  carry  a  water  supply  a  distance  of  often  20 
miles  or  more.  Even  when  water  does  exist  it  is  so  strong  with  alkali  as 
to  be  scarcely  fit  for  use.  Many  of  the  streams  coming  down  from  the 
mountains  dry  up  as  soon  as  the  snow  has  melted  from  the  low 
foot  hills  in  early  spring,  leaving  large  tracts  entirely  destitute  of  water, 
which  frequently  abound  in  fossiliferous  exposures,  and  which  it  is  the 
object  of  the  explorer  to  examine.  The  broken  and  mountainous  charac- 
ter of  the  country  forbids  the  use  of  wagons  to  such  an  extent  that  pack 
aoimals  are  indispensable. 
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The  uccompnaTiag  map  la  inlended  to  il'ufliraUi  the  exact  positioa.  tt 
weJl  HH  the  extent  of  country  covered  by  the  WssalcU  awllincnl  t 
luint.     llB  U>pugrapliy  is  taken  fVoin  n  map  uinde  hy  CapL  J.  RlU 
Tliirtl  Ciivulr}',  U.  9.  A.  (and  published  by  the  War  Department),  durii 
a  recoDnoiesance  of  tliat  rogiou  in  the  aummur  of  18S0.  and  to  whom,  ■ 
well  an  Dr.  W.  H.  Corbiiaier,  Col.  J.  W.  Maaoii,  and  other  iifflcrn  ■ 
tioaed  at  Furt  Wosliakie,  1  wish  tii  cxpre«s  my  deep  waM  1>I  obUgl 
for  Ibeir  very  liind  and  CDiirluouH  tr 


Mii)i  ol  lb<^  lllii-llni'n  Uiulii,  luUucud  from  Uie  U«p  or  llie  V.  s.  War  Iteiurt- 
3.  SynoptU  lif  the  Fiuina. 
PISCBB. 
Cl-ASTEs  sp.  ;  (lol  iibuQdaDl- 
pAFPii'HTiiTH  »p.  Vertebra' ;  not  very  ei 
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REPTILIA. 

Crocodilus  sp.  Allied  to  the  0.  chamenm  and  C.  heterodon,  but  not 
represented  by  sufficiently  well  preserved  specimens  to  |)ermit  of  determi- 
nation. There  are  numerous  molariform  teeth  in  the  posterior  parts  of 
jaws,  and  the  crowns  of  the  longer  teeth  are  grooved.     Not  uncommon. 

Emts  sp.  Rare  ;  one  specimen  of  220  mm.  in  length,  of  the  type  of 
E.  wyomingen^is,  but  not  sufficiently  well  preserved  for  determination. 

As  the  Eocene  forms  of  this  order  are  of  unusual  interest,  I  give  an 
analysis  of  the  extinct  genera  of  the  Cryptodire  division  of  tortoises  which 
have  been  found  in  North  America  up  to  the  present  time. 

In  the  check-list  of  the  North  American  Batraehia  and  Reptilian*  I  enu- 
merated nine  families  of  this  division  of  the  Testtcdinata,  three  of  which 
are  extinct.  Subsequently  another  extinct  family,  the  Baenidffi,  was 
added.    I  now  define  all  of  these  families. 

I.  Plastron  not  articulated  to  the  carapace,  but  presenting  to  it  more  or 
less  open  digitations.     Dactylosterna. 

Phalanges  of  anterior  limb  without  condyles,  and  covered  by  a  common 
integument ;  eight  pairs  of  costal  bones Chelaniida. 

Phalanges  of  antierior  limb  without  condyles  ;  nine  or  more  costal  bones, 

PropUurida, 

Phalanges  of  anterior  limb  whh  condyles  ;  digits  inclosed  in  distinct  in- 
teguments; eight  costal  bones;  sternal  elements  united  by  digitations 
and  inclosing  fontanelles  ;  caudal  vertebra;  procoelous. . .  Trionychida. 

Phalanges  of  anterior  liml)s  with  condyles ;  digits  distinct  ;  eight  costal 
bones ;  sternal  elements  united  by  suture  and  inclosing  no  fontaQcllcs  ; 
caudal  vertebra  opisthocoelous Chelydrida. 

n.  Plastron  uniting  with  the  costal  bones  of  the  carapace,  by  denticu- 
late suture,  and  by  ascending  axiUary  and  inguinal  buttresses.  (Feet 
ambulatory. )     Clidostema. 

A»  Interstemal  bones  present. 

No  intergular  scuta FUurosternidde.jf 

Intergular  scuta  ;  caudal  vertebrie  opisthocoelous BaenidcB. 

A  A.  No  intersternal  bones. 

a.  Intergular  scuta. 

A  mesostcrual  bone Adocidce. 

aa.  No  intergular  scuta. 

A  mesosternal  bone  ;  three  series  of  phalange** EmydidcB. 

No  mesosternal  bone  ;  three  series  of  phalanges Cl?io8terniU(e. 

A  mesosternal  bone  ;  two  serit's  of  phalanges Testudinida. 

•  Bulletin  U.  8.  National  Museum,  So.  1, 1875.  p.  16. 

t  There  are  two  genera  of  this  family,  neither  ot  thorn  yet  found  In  America  ; 
PieurotternumOw,,  "With  smooth  shell,  and  Ilelochelyt  Mycr,  with  sculptured 
shell. 
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III.  Plastron  uniting  with  the  marginal  bones  of  the  carapace  by  stxmig^i 
contact  only.     (Feet  ambulatory.)    Lysosiema, 
No  intcrstemal  bone  nor  intergular  scutum  ;  a  mesostemal  bone  and  three 
series  of  phalanges Qiitttdinidm^ 

Tlic  extinct  species  of  the  Cryptodira  of  this  continent  belong  to  ei^t  of 
the  above  families.  I  give  diagnoses  of  the  genera  to  which  they  are 
referred.    Names  of  existing  geneta  are  in  Roman  type. 

Postabdominal  bones  distinct  from  each  other CheToDia  Bron^ 

Postabdominal  bones  united  with  each  other  by  suture.  ,Puj^igeru»  C<H>e. 

PROPLEURIDyE  CopO.* 

Transactions  of  American  Philosophical  Society,  xiv.,  1870,  p^  235. 
Ten  coital  l>ones ;  first  two  m  irgin^kls  united  with  carapace  by  suture ; 

shell  smooth,  flattened (hUopygi^  Copo. 

Nine  costal  l>ones  ;  first  two  marginals  united  to  carapace  by  suture ;  shell 

sculptured  (a  high  dorsal  keel) I^ritrc$iu9  Cope. 

Nine  costal  bones  ;  one  marginal  united  with  caraptu>e  by  suture  ;   secf>n(l 

by  costal  gomphosis  ;  shell  not  keeled  nor  sculptured 

PropUtira  Cope. 
?Nine  costal  bones  ;  first  united  with  carapace  by  suture ;  second  without 

costal  gomphosis  ;  shell  not  sculptured CtUapUura  Cope. 

?  Nine  costal  bon3S  ;  m  irgin:Us  all  free ;  shell  not  sculptured 

Lytoloma  Cope. 
TRiONYcirn>.*:. 

a. 'Surface  of  bones  smooth. 

Po<^talxlomiual  suture  digitate Axettna  Cope. 

«a.  Surface  of  lK>nes  sculptured. 

^5.  Sutures  of  plastron  digitate. 

A  dermal  flaj*  protecting  ix>sterior  legs  below  ;  marginal  bones 

Emyda  Gray. 

A  dennal  tlap  ;  no  marginal  bones Cyclanosteus  Peters. 

No  derinil  fl.ip  nor  marginal  bonos  ;  miizxlc  much  abbreviated 

Chitra  Gray 

No  dermal  flap  nor  marginal  bones  ;  muzzle  (rlong>ile Trionyx  GeofFr 

/9,9.  Suturt*  for  postalMlominal  coarsely  scrrato. 

Postabdominal  n^curved  in  front Fla$tomenu$  Coi 

a.  Bridges  of  pliistron  wide  ;  ?  caudal  vertebne. 

One  row  of  marginal  scuta  ;  six  pairs  of  scuta  of  the  plastron 

Idiochely»  My" 

*  Palatochelya  novemeostaiut  Geoffr.,  belon}^  to  this  family,  but  not 
chelps  Myr. 
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One     :Kt)w  of  marginal  scuta  ;  scuta  of  plastron  ?  not  distinct 

HydropeUa  ♦  Myr. 
^Ka.  Bridges  of  plastron  very  narrow. 

^9.  Carapace  smooth,  not  sculptured. 

Two     rows  of  marginal  scuta  ;  five  pairs  of  scuta  of  the  plastron 

Macrochelys  Gray. 

One     m)w  of  marginals  ;  five  pairs  on  plastron Cliclydra  Sch w . 

One    x^ow  of  marginals ;  four  pairs  of  scuta  on  plastron ....  Claudius  Cope. 

g^p.  Carapace  sculptured. 

One    x~€>«r  ol  marginal  scuta AnosHra  Leidy. 

Baentd.f.. 

Cr>i>«,  Annual  Report  U.  S.  Geol.  Surv.  Terrs.,  1872  (1873),  p.  621. 

Supr~sm  marginal  scuta  (RQtimeyer)  ;  no  interhumerals llatychelya  Myr. 

No  »u  pramarginals  nor  interhumeral  scuta Bnena  Leidy. 

>io  »\a  pramarginals  ;  interhumeral  scuta  present PDlythorax  \  Cope. 

Adocid.«. 

C<>f>o,  Proceedings  American  Philosophical  Society,  1870,  p.  559. 
<!z.    Vertebral  bones  and  scuta  normal. 

One  in  tergular  scutum  entirely  separating  the  gulars Adoeus  Cope. 

Ehhex-  two  intergulars,  or  the  gulars  meeting  behind  intergular 

Amphiemys  Cope. 

«-«,  Vertebral  bones  wedge-shaped,  widening  upwards  ;  vertebral 

s^uta  not  wider  than  the  bones. 
Eleuics  nts  of  carpace  early  coSssifled Ilomorhophtis  Cope. 

Emydid.«. 
«  •    No  Rcutal  sutures. 

Surfac-o  sculptured AphoUdemys  Pom. 

**<*.  Scuta  including  intermarginals  and  two  anals. 

Loin's.   <-3f  sternum  narrow Dermatemys  Gray. 

Lobes  of  sternum  wide Agomphns  Cope. 

''*3r*a.  Scuta;  two  analn,  no  intermarginals. 

Surfao«-a  of  carapace   sculptured  ;   plastron  fixed Compsemys  Leidy. 

Surfaof.»s  (,f  cara])acc  smooth  ;  plastron  fixed  ;  recent  Einydidm  and  the 

9     P*'*rius Euiys  Brong.J 

PosU'rif  )!■  loi^e  ^f  plastron  movable  ;  surface  smooth Ptychogaster  Pom. 

Anterior  and  jiosterior  lobes  of  plastn)n  movable  ;  Rurfa(;(^  smooth 

DUhyrosternum  Pict.  et  Iluinb. 
^^^fza.  Scuta  ;  one  anal,  no  intennarginals. 

Carapace  smooth StyUmys  Leidy. 

•  ^ry«(ernMin  Wagn.    {Pal<E0medu9a  et  Acirhelya  Myr.  (fldo  Rathin»yer)  is 
Bfl^rly  HllltKl  to  Ili/dropeUa.) 
^?o««iblyoneorthe  Adocida;  see  Proceed.  Acad.  Phila.,  Oct.,  1M76. 
\  Gr^y  hu  ^totingaisbed  several  good  genera  among  existing  Hpecics   on 
er*«>**l  characters. 
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Tbbtudikidjs. 
a.  Two  anal  scuta. 

Ten  abdominal  scuta HadrianH9  Cope. 

aa.  One  anal  scutum. 

Lower  jaw  with  two  cutting  edges Xerobates  Agass. 

Lower  jaw  with  one  cutting  edge Testudo  Linn. 

RODENTIA. 

PlESIARCTOMYS  BUCCATU8  CopC. 

Two  mandibular  rami. 

Flesiarctomys  delicatior  Leidy. 

Mandibles  of  six  individuals,  some  of  them  accompanied  by  bones  of 
the  skeleton. 

BUNOTHERIA. 

TiKNIODONTA. 

Additional  material  gives  the  following  results  with  regard  to  the 
affinities  of  this  sub-order.  There  are  three  allied  groups  represented  by 
the  genera  Esthonyx,  Tillotherium  and  Calamadon  of  the  American  Eo- 
cenes, which  are  equally  unlike  each  other.  Esthonyx,  as  I  long  since 
showed,  is  related  to  the  existing  Erinaeetis  ;  very  neariy  indeed,  if  the 
dentition  alone  is  considered.  Its  anterior  incisor  teeth  are  tmnsnally 
developed,  and  have,  as  in  Erinaceu»,  long  roots.  One  pair  at  least  in  the 
lower  jaw  has  enamel  on  the  external  face  only,  and  enjoys  a  considerable 
period  of  growth.  The  genus  THUotherhim  is  (fide  Marsh)  quite  near  to 
Esthonyx,  Its  molars  and  premolars  are  identical  in  character  with  those 
of  that  genus,  the  only  important  difference  being  found  in  the  incisors. 
Here,  one  jxiir  above,  and  one  pair  below,  are  faced  with  enamel  in  front 
only,  and  grow  from  persistent  pulps  as  in  the  Rodentia.  This  character 
has  been  included  by  Marsh  in  those  he  ascribes  to  \vb  ''order"  of  TUlo- 
dontid,  but  as  he  includes  EMonyx  in  that  order, ^  which  does  not  possess 
tbc  chamcter,  it  is  not  very  clear  on  what  the  supposed  order  reposes.  The 
rodent  character  of  the  incisors  is  the  only  one  that  I  know  of  which  dis- 
tinguishes TiUothermm  from  the  Incscticora.  I  have  on  this  account 
retained  the  l^lodonta  as  a  sub-order,  and  referred  Esthonyx  to  the  Intcti- 
vorn.  ' 

The  TiEniodonta  agree  with  the  Tlllodonta  in  the  possession  of  a  pair  of 
inferior  incisors  of  rodent  character,  but  it  adds  several  remarkable  pecu- 
liarities. Chief  among  thcs(i  is  the  character  of  the  inferior  canines.  In 
the  TilJodonta  tlu^y  are  either  wanting,  as  in  Erinaceus,  according  to  the 
Cuvierian  diagnosis,  or  they  are  insignificant.  In  Calamodon  they  are  of 
largo  size,  and  though  not  as  long-rooted  as  the  second  incisors,  grow  from 
presistent  pul|>s.  They  have  two  enamel  faces,  the  anterior  and  the 
posterior,  the  former  like  the  corresponding  face  of  the  rodent  incisors. 

»  Report  of  U.  S.  G.  Survey  40th  Parallel,  by  Claninoe  King;  Vol.  1,  p.  877. 
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Th.  ^  fbnctfon  of  the  adult  crown  is  that  of  a  grinding  tooth.  This  charac- 
ter distingnishes  Calamodon  as  a  form  as  different  fVom  TiUotherium,  as 
the  latter  is  from  E%thonyx,  There  are,  however,  other  characters.  The 
cxt  ^nal  incisors,  wanting  in  TUlotherium,  are  here  largely  developed,  and 
thovm^h  not  growing  from  persistent  pulps  have  but  one.  an  external  band- 
liko    €?namel  ftice.    Their  Ainction  is  also  that  of  grinders. 

T*lme  fact  that  the  rodent  teeth  in  tlie  lower  jaw  arc  the  second  Incisors, 
ren  c1ct8  it  probable  that  those  of  the  Tillodanta  hold  the  same  position  in 
the  j  £1^.  This  is  to  be  anticipated  from  the  arrangement  in  EatJionyx,  where 
the  ssi^pond  inferior  incisors  are  much  larger  than  the  first  and  third.  The 
sup^  rior  dentition  of  the  Taniodonta  is  yet  unknown. 

C-A.XASIODON  SIMPLEX  CopC. 

I^^ port  Vertebrate  Foss.,  New  Mexico,  U.  S.  Gt?og.  Surv.  W.  of  100th 
Mer-.     1874,  p.  5.     Report  of  do.  Capt.  G.  M.  Wheeler,  iv,  ii,  p.  166. 

-^    nearly  complete  mandible  of  this  species  was  found  by  Mr.  Wortman, 

be?ici^  a  series  of  unworn  molar  and  canine  teeth  of  a  second  individual, 

anil   fragments  of  some  others.     These  Airnish  the  correct  dental  formula 

a*  fii.r  as  they  go,  as  follows  :  I.  3  ;  C.  1 ;  M.  5.   It  appears  that  I  correctly 

referred  the  long  nxlent  teeth  to  the  lower  incisior  series,  but  that  the 

truncate  two  banded  teeth  so  characteristic  of  tl^e  sub-order,  are  canines 

sna  noj  incisors,  and  that  they  belong  to  the  lower  as  well  as  probably  to 

*^®  Upper  jaw. 

^^*c;  characters  of  the  incisors  are  very  peculiar.  The  first  are  small 
with  ghort  sul>cylindric  crowns,  and  conic  roots.  The  second  incisors 
liave  iK»on  described  ;  as  in  C7.  arramainus  thev  have  a  horizontal  shoulder 
P'^^C-Tior  to  the  base  of  the  cutting  portion.  The  third  incisors  increase 
^"  *liameter  upwards,  and  have  a  triangular  section.  The  largest  side 
^^  *lie  triangle  is  interior,  and  the  shortest  the  posterior,  and  neither 
1^*^*88  any  enamel.  The  anterior  or  enamel  faced  side  is  slightly  convex. 
The  /i^rinding  face  is  transverse  and  is  in  the  plane  of  the  corresponding 
f*ce  «>f  tjie  ninine.  The  long  diameter  of  the  crown  of  the  canine  is  at 
"S'»t  angles  to  the  anterior  face  of  the  third  ineisor,  and  diagonal  to  the 
'^'^S  axiH  of  the  mandibular  ramus.  This,  with  tlie  peculiarities  of  the 
'^thor  Incisors,  gives  an  irregular  appearance  to  the  anterior  dentition. 

'  *»<•  five  molars  are  very  similar  in  character,  and  even  those  with  un- 
^^^n  cn)wns  do  not  present  any  distinction  into  premolars  and  true 
nioli^^^  The  enamel  covers  the  summit  of  the  crown,  but  on  wearing,  it 
^  ^^^n  reduced  to  a  cylindrical  sheath.  Further  wear  brings  the  grinding 
^wrfi\f-e  to  the  anterior  and  posterior  surfaces  which  are  covered  with 
**"^*?iitum  instead  of  enamel. 

Insfxtivora. 

****'"I'HOXTX  BURMEISTBRI  CopC. 

^«Dort  Vertebrate  Foss.,  New  Mexico,  1874,  p.  7.     Report  U.  S.  G.  G. 
S>itv.  \^.  of  100th  3Ier.  G.  M.  Wheeler,  iv,  ii,  p.  156,  pi.  xi,  fig.  26. 

^BOC.  AMER.  FUIL08.  80C.  XX.  111.  8.      PRINTED  MARCH  11,  1882. 
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Two  fractured  crania  exhibit  the  entire  dentition  of  this  species,  and 
give  the  generic  characters  satisfactorily.     The  dental  formula  is,  I.  | ; 

C.  I ;  P-m.  Y  ;  ^^-  i-   The  first  superior  incisor  is  large,  and  the  crown  is 

somewhat  spoon -sliaped.  The  second  incisor  is  as  robust  as  the  first,  but 
tlie  crown  is  shorter.  Tlie  second  premolar  has  one  external  and  one  in- 
ternal lobe,  in  the  third  (fourth)  premolar  tliese  lobes  are  much  enlarged, 
and  the  tooth  is  transverse.  The  true  molars  have  two  external  cusps, 
which  are  flattened,  close  together,  and  w^ell  within  the  margin  of  the 
base  of  the  crown.  There  is  one  internal  lobe  and  a  strong  posterior 
ledge,  as  in  the  opossums.  Of  the  inferior  incisors,  the  median  is  large 
and  half  gliriform,  while  the  first  and  third  are  small.  The  inferior,  like 
the  superior  canines,  are  large.  The  first  and  second  (third)  premolars 
have  no  internal  lobes,  but  the  second  (third)  has  a  heel.  The  fourth  is 
more  or  less  like  the  first  true  molar. 

The  specimens  show  that  my  original  determinations  of  the  incisors 
based  on  loose  teeth  were  correct.  They  also  show  that  this  genus  is  not 
far  removed  from  the  more  rodent-like  genus  Attchippodiu  of  Leidy. 

There  are  several  species  of  the  genus,  which  1  define  as  follows  : 

I.  Fourth  inferior  premolar  like  first  true  molar. 

Larger ;  third  superior  premolar  larger ;  fourth  premolar  with  the  external 
cusp  bilobate E,  aeiUidem. 

Medium  ;  third  superior  premolar  smaller  ;  fourth  premolar  with  external 

cusp  simple  ;  superior  incisors  wide  ;  large  inferior  narrower 

E.  hurmeUiten. 

Medium  ;  superior  incisors  narrow  ;   large  inferior  wider E.  hUnlcatu9. 

II.  Fourth  inferior  premolar  with  anterior  V  open  and  cutting. 

Smallest ;  incisors  unknown E.  acer. 

A  species  of  tlie  size  of  E.  acer  has  been  named  E.  spatidariiM,  but  I 
cjinnot  place  it  in  the  above  key,  as  the  premolar  and  incisor  teeth  are  un- 
known. The  section  II,  approximates  nearer  the  genus  Conoryctts  than 
sect.  I. 

Mesodonta. 

IIyopsodus  lemoinianx's,  sp.  nov. 

This  Mesodont  is  distinguished  from  the  known  species  of  the  genus  by 
its  superior  size,  and  the  fully  developed  heel  of  the  inferior  third  molar. 
The  anterior  inner  cusps  of  the  inferior  molars  are  absolutely  simple,  and 
the  same  teeth  have  a  weak  external  and  no  internal  cingulum.  The  cusps 
are  elevated  and  the  enamel  smooth. 

The  species  of  this  genus  known  to  mo  by  their  mandibles  are  four,  and 
these  difler  chiellv  in  size.     Their  characters  an*  as  follows  : 

Length  of  true  molars  M.  .OICV) ;   last  molar  elongate H.  lemoinianus. 

Length  of  true  molars  M.  .0140  ;  last  molar  longer  than  second 

H.  pnulu9. 
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8ize  as  last ;  last  molar  shorter  than  second H.  mitictilui. 

Length  of  true  molars  M.  .0115  ;  last  molar  elongate H,  vica/riui, 

H.  lem&inianus  and  ff,  miticultts  have  not  been  found  out  of  the  localities 
where  they  were  discovered,  while  the  other  two  species  are  distributed 
through  most  of  the  Eocene  horizons,  and  have  been  found  in  many 
localities.  Of  the  ff.  lemoiniantu  Mr.  Wortman  found  nine  more  or  less 
fragmentary  mandibles. 

Dedicated  to  my  friend,  Dr.  Victor  Lemoine  of  Reims,  well-known  for 
his  brilliant  discoveries  in  the  vertebrate  paleontology  of  the  Lower  Eo- 
cene  beds  near  that  city. 


» 


Htofsodus  paulus  Leidy. 

Thirty-eight  more  or  less  broken  mandibular  rami. 

Htofsodus  vicarids  Cope. 

Eleven  mandibular^  rami.  A  few  specimens  are  intermediate  between 
this  species  and  the  last  in  dimensions,  the  inferior  true  molars  measuring 
M.  .01^  and  .0125  in  length. 

Pantolestes  chacensis  Cope. 

Four  mandibular  rami.  This  species  has  the  fourth  premolar  more 
robust  and  less  trenchant  tlian  in  P,  secans,  and  shorter  than  the  last  true 
molar.    In  P.  neans  it  is  longer  than  the  last  true  molar. 

Pantolestbs  metsiacus  sp.  nov. 

A  small  species  of  the  size  of  the  P.  longienudus,  and  distinguished  by 
leveral  peculiarities  of  dentition.     The  two  cusps  composing  the  anterior 
internal  lobe  of  the  molars  are  quite  distinct  but  appressed.     Each  one  is 
connected  with  the  external  anterior  lobe  by  a  transverse  crest  as  is  seen 
in  JSithonyx,  and  these  enclose  between  them  a  fossa.    This  fossa  is  closed 
internally  by  the  appression  of  the  anterior  inner  cusps.     The  fourth  pre- 
molar is  not  so  large  as  in  P.  secans,  but  resembles  in  proportions  that  of 
P.  chacensU.     It  differs  from  that  of  P.  longienudus  in  its  very  short  heel 
and  its  large  anterior  basal  tubercle.     The  latter  is  double,  consisting  of 
two  small  cusps,  one  within  and  anterior  to  tlie  other.     The  posterior  heel 
is  distinct  on  both  sides  of  the  ridge  that  marks  the  median  line.     The 
po6terior  external  lobe  is  V-shaped,  and  the  posterior  inner  is  a  small  cone. 
Between  the  two  is  a  minute  median  tubercle.    The  posterior  tubercles  are 
not  so  elevated  as  in  the  species  of  Ilyopsodus.  A  weak  external  cingulum  ; 
enamel  smooth. 

Measurements.  M. 

Length  P-m.  IV,  with  M.  I,  and  II ;  (No.  1) 0140 

"      P-m.  IV 0048 

••      M.n 0048 
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MecuuremerUs.  M. 

Width   M.  ir •. 0040 

Length  M.  Ill ;  (No.  2) 0050 

Width        **       OOdO 

Depth  ramus  at  P-m.  IV  ;  (No.  1) 0060 

M.  III;(No.  2) 0070 

Portions  of  four  mandibles  preserved.     No.  2  is  a  little  smaller  than 
No.  1,  and  No.  4  is  a  little  larger  than  No.  1. 
The  species  of  Pantolestes  may  be  distinguished  as  follows  : 

a.  Fourth  premolar  trenchant  every  where,  longer  than  second  molar. 

Length  of  true  molars  M.  .0150  ;  second  molar  with  but  one  anterior  inner 

cusp P.  seeans. 

aa.  Fourth  premolar  with  blunt  heel,  not  longer  than  second  molar. 

Length  of  true  molars  .0160  ;  all  with  double  cusps P.  chacenM. 

Lengtli  of  true  molars  .0140  ;  fourth  premolar  with  minute  anterior  cusp, 
and  long  heel P.  longicnudui. 

Length  of  true  molars  .0130  ;  fourth  premolar  with  double  anterior  cusp, 
and  short  heel ;  molars  with  double  cusps P.  tmUiaeui, 

Length  of  true  molars  .0105  ;  fourth  premolar  small,  .0035.  without  an- 
terior cusps,  and  with  two  ridges  on  heel ;  tme  molars  with  double  an- 
terior inner  cusps P.  nuptus, 

Pantolestes  nuptus,  sp.  nov. 

This  is  the  last  species  of  the  genus,  and  is  represented  by  a  portion  of » 
right  mandi])ular  nimus  which  supports  three  molars  from  the  fourth  to 
the  sixth  inchisive.     Besides  its  small  size,  this  species  is  distinguished  by 
the  relatively  small  dimensions  of  the  fourth  premolar,  which  is  shorter 
than  the  first  true  molar  instead  of  Ioniser,  as  in  all  the  other  species.    The 
well  developed  basin  of  its  heel,  .which  is  bounded  by  a  ridge  on  each  side, 
distiniruishes  it  at  once  also  from  P.  scrnnn,  and  is  more  distinct  than  in  P. 
c.hacfn»iH  ;  from  the  latter  and  7*.  metsiarus  the  entire  absence  of  anterior 
basal  lobes  separates  it.    The  well  developed  i)air  of  anterior  inner  tul)er- 
cles  of  the  true  molars  shows  that  it  cannot  be  an  abnormal  Hyopsodu*  tiea- 
rinx,  with  which  it  agrees  in  size.  The  first  anterior  tubercle  is  more  widely 
separated  from  the  second  anterior  than  in  any  of  the  species  of  the  genus, 
and  is  (jiiite  as  in  species  of  Peli/codim.     It  is  smaller  than  the  second  ante- 
rior inner,  which  ecjuals  in  size  the  anterior  outer.     The  heel  is  wide,  en- 
closing a  basin,  which  is  bounded  externally  by  an  angular  ridge.     Its 
posterior  inner  anirle  supports  a  cusj),  which  is  separated  by  a  deep  notch 
from  the  anterior  inner  cusp.    External  to  it  on  the  posterior  bonier  of 
the  crown  is  a  small  tubercle.     No  basal  cini^ula. 

Measuremeuts.  M. 

Length  of  three  molars 010 

--_   .      r  anteroposterior 004 

Diameters  of  M.  1     \^  ^^,. 

( transverse 008 

Depth  of  ramus  at  P-m.  IV 007 

Basin  of  the  Big-Horn  :  J.  L.  Wortman. 
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rTTTrnrrn  AsavhkTve  Copo. 

TK»^  4pei-iM  urtbls  genus  ok.  ioilie  proBCDtsintc  uftmr  knowlecfgv,  bi<ai 

tito^S^^  of  uue  isulare  oa  ha«c M.  .034;   P.  pcltidtHt." 

M-.OIU:      P.  Jamnii. 

M,.017;  P.tutvM. 

■-  •         M.  .015;  P.  frugkmvf. 

M.  .013;  P.  atij/aUtut. 

n^xauins  of  Bpeciei  of  this  genua  nrc  very  commuu  iii  tlie  Winil  River 
^  laknda;  tlii'^  were  origiuitlly  found  In  the  WaMtlcli  bo<l«  of  New 
H«&.ioi.  and  liavt  noi  yut  been  announced  rrotn  the  Brid^er  formation. 
Tte^  P.  an'jiitatu*,  bereiofure  only  Itnown  from  New  Mexico,  h  rop- 
1  in  tlie  Hig-Unrn  eullcction  by  Ato  manJibuUr  mini,  and  u  pur- 
•  musillaryboDe  with  leeth. 
E.rixiinj»  ruudivORCB  Cope. 

D  ouuiillblcs  and  seven  sepiinitc  runii  represent  itiie  Mesnilont. 
I.Tcain;*  tittus  Cope. 
yotir  mini  digplay  the  lypieal  length  of  the  true  niolnra.  M.  .017.    Three 
kR*xntUer,  liAving  themulars  .Ollt  in  length,  while  one  gives  .DIH  for  the 
Mine  ImU),    Other  [loriioDit  of  the  Bkek-ion  will  be  neeessury  lo  diter- 
tniDC  ouctly  the  specific  position  of  these  speciiueiis. 

t^».B«WtTOi*TB  UttbKttt.  gen.  et  sp,  nov. 

ChdiT.ffH.  Dcrtveil  trora  mnndibtilar  rami.  Dental  fomiuk  I.  TO  ;  C. 
1 1  P-m,  2  ;  M,  3.  The  premuiars  arc  couiiied  as  two,  on  the  supposition 
llltt  Oi*  interior  one  Is  iwo-rootcd  ;  slinuld  il  prove  lo  be  oDe.rnoted,  then 
1^  number  will  be  Itirec.  The  canines  are  very  large  and  elose  to  the 
•TDpliyM^  to  that  there  do  not  appear  to  have  been  any  inelsiirs.  Tlie 
tnw  unlira  bHve  ilie  frequeaily  occuring  three  lubcreles  In  front  and  a 
I**'  iKliind  ;  bat  Uie  nrmngcniont  ts  pecallar  in  lliat  the  three  tubercle* 
*"  but  Hull-  more  elevated  tiian  the  borders  of  the  heel,  and  oecupy  a 
"uU  pin  of  the  crown.  The  liisl  niulitr  ii  loel  from  both  Juwn,  but  the 
S^n  fur  it  in  about  as  large  as  tlial  occupied  by  the  penuUiniate.  Tlie 
™)li  pnmuUr  has  but  two  anterior  cusps,  and  these  are  mure  elevated 
luin  Uiuw  of  ilic  tnie  molurs,  and  the  heel  is  narrower.  Tl)c  mandibular 
'Wlwe  out  euiwsiHed. 

""  ilrnlal  rhuitrleR'  of  this  genus  resemble  considerably  those  of 
■uoptou-.r/iAiM  and  Sirrolmur.  but  Llie  large  ai^e  of  Ihe  inferiiircanini- 
"'"'i'!i-ii[i'jiil»br-B  II  fVoni  Itoth,  The  double  aulerior  cusps  of  the  fourth 
.nriiL,(i,r  r-,|ii4illy  distinguish  it  from  them. 

'^r  >(ii-ri/,  Tbc  inferior  true  molars  are  suliquadrate  in  horlionlJil 
™Uiiit  lODiewliat  narrowed  anteriorly.  The  concave  heel  is  tJie  larger 
^tiit  n,p  crown  ;  it  ia  only  elevated  into  a  low  cusp  at  Ihe  posterior 
**l*'iial  (ngle.    The  anterior  cusps  are  conic,  and  arc  in  contact  at  the 

ielviaeiu  Cope,  Amer,  Katuntllst.  Dec  IWl.  p.  1010, 
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base.  The  external  and  posterior  internal  are  of  aboat  the  same  size ; 
the  anterior  inner  is  smaller  and  does  not  project  so  far  inwards  as  the 
posterior.  The  fourth  premolar  has  the  posterior  border  of  ita  heel  ser- 
rate. The  anterior  cusps  are  elevated  and  moderately  acute  ;  the  internal 
is  a  little  less  elevated  than  the  external,  and  is  separated  from  it  by  a 
deep  notch.  The  alveoli  for  the  anterior  premolar  are  so  close  together, 
RS  to  render  it  probable  that  they  belong  to  but  one  tooth.  They  are 
placed  soulcwhat  obliquely  to  the  long  axis  of  the  jaw.  There  is  no 
diastema.  The  section  of  the  base  of  the  crown  of  the  canine  is  a  regular 
oval,  the  long  diameter  coinciding  with  the  vertical  diameter  of  the 
ramus. 

The  ramus  is  rather  slender,  but  is  shortened  anteriorly.  The  bound- 
aries of  the  masseteric  fossa  are  well  marked,  the  anterior  ridge  descend- 
ing to  below  the  middle  line  of  the  ramus.  The  mental  foramen  is  large 
and  is  situated  below  the  contact  of  the  two  premolars.  The  inferior  edge 
of  the  ramus  is  rather  thick. 

3fea8uremenis.  M. 

Length  of  dental  series  including  canine 0240 

premolars 0063 

molars 0114 

Long  diameter  base  canine 0036 

^.  ^        _,_  f  anteroposterior .0038 

Diameters  P-m.  IV  < .  ,w.  .^ 

/  transverse 0036 

^anteroposterior 0043 

^^' "•    hrausverse 0038 

Depth  of  ramus  at  P-m.  1 0060 

M.  Ill 0068 


it         II  t« 


Anaptomorphus  homunculus  Cope,  American  Naturalist,  1882,  Jan. 
(Dec.  30th,  1881),  p.  73. 

The  genus  Anaptomorphus  was  characterized  by  me  in  1872, ♦  from  a 
mandibular  ramus  which  exhibited  the  alveoli  of  all  the  teeth,  three  of 
them  occupied  by  the  teeth  ;  viz.  :  the  P-m.  iv,  and  the  M.  i  and  M.  it 
From  the  specimen  the  inferior  dental  formula  was  ascertained  to  be  I.  2  ; 
C.  1  ;  P-m.  2 ;  M.  3.  The  Big-Horn  collection  contains  a  nearly  entire 
cranium  of  what  is  probably  a  species  of  the  same  genus.  Fn)m  it  the 
superior  dentition,  exclusive  of  the  incisors,  is  determined  to  be  :  C.  1  ; 
P-m.  2  ;  M.  3.  Tlie  premaxilhiry  bones  are  mostly  broken  off,  but  a  part- 
of  the  alveolus  of  the  external  incisor  of  one  side  remains. 

The  indications  are  that  the  external  incisor  was  a  small  tooth,  not 
exceeding  the  canine  in  size  ;  and  it  was  situated  close  to  the  latter.  The 
canine  is  also  smalt,  and  its  simple  crown  is  not  more  prominent  than  those 
of  the  premolars.  The  latter  are  separated  from  it  by  a  very  short  diastema. 
The  long  diameter  of  their  crowns  is  transverse  to  tho  long  axis  of  the 

*  Proceedings  American  Philosophical  Society,  1873,  p.  554.     Paleontologio&l 
Bulletin,  No.  8,  p.  1,  Oct.  12, 1872. 
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' :  ani]  i!acb  nne  consisls  of  a  larger  cxlemsl,  and  SDiallcr  internal  casp. 
B  tn]«  iDolaTB  are  hIbu  wider  Uian  lung,  und  support  two  cxterDal  and 
Dljr  ODC  Internal  cusps. 

Th«  orbili  are  large  and  are  entin-ly  enclosed  Iwhlnd,  The  frontal  bone 
.ot  wild  innnrds  In  Ibc  nliaphcnnid  a  lamina  lo  sepurate  the  orlitt 
IhiBi  ilie  tenipural  rosea,  as  is  setn  in  Tartiu»,  Tbere  ia  no  sugillal  rresl, 
but  tbe  Icnijmrnl  fidgesarc distinct.  The ocdpilal  region  prolnides  beyond 
tb*  rnramen  magnum,  or  at  least  beyond  ibc  (inruccipltal  proeesa,  which  is 
]in»errFd.  the  condyles  being  Inst.  The  otic  bulla  is  lar^e,  extending 
•nwriorly  to  the  glenoid  cavity.  The  pterygoid  fossa  Is  large,  tlie  external 
.  P^wygoid  ala  being  well  developed,  and  extending  well  upon  Ibe  extero- 
' Mterior  side  of  llie  bulla,  as  in  Tartiai.  As  in  thai  genua,  Ihe  fommeD 
<Hralo  ii  liinaliMl  on  llie  external  side  of  Ihe  bulla,  just  above  the  base  of 
'*  external  pterygoid  ala.  Thi'  carotid  fotsmen,  as  I  suppose  it  to  be,  Is 
^»*t«d  Bt  the  apex  at  the  bulla.  The  lachrymal  torauion  is  situated 
Bletiof  to,  und  outside  of  the  orbit  as  in  Lemuridtr  generally. 
The  oHi  of  ihc  anterior  part  of  the  left  cerebral  bemispbere  is  exposed. 
prujecU  as  far  anteriorly  as  Ibe  middle  of  the  orbits,  leaving  but 
t"Q  room  for  the  olflurtory  lobes.  The  relations  of  the  latter  as  well  as 
f  other  parts  of  the  brain  will  be  examined  at  a  future  time.  The  part 
UptMvil  docs  not  display  fissures,  and  gentle  undulations  represent  con- 
wlatioM. 

The  characters  of  this  genus  now  known,  warrant  us  in  ihinking  it  one 

itlhe  roiBt  interesting  of  Eocene  Mammalia.      Two  special  cbamclers 

(Mttrin  the  rrference  lo  the  Lemurida  which  its  physiognomy  suggests. 

'Ti«M  are.  the  external  position  of  the  lachrymal  foramen,  and  the  un- 

"  'dtyniphysis  mandibuli.   Among  Letnurida,  its  denial  formula  agrees 

only  Willi  the  Intirmna,  which  have,  like  Anaptomorphue,  two  premolars 

^<Kb  jaw.     Qui  no  known  Lemarida  possess  Interior  lobca  and  cusps  of 

sll  Ui8  (ireuiotara,  so  that  in  this  respect,  as  In  the  number  of  its  teelh, 

te  gvaos  resemble*  the  higher  monkeys,  the  Siitiidtii  and   Ilominida.* 

*n  than  any  existing  member  of  the  family.     Of  these  two  groups  tlie 

'■nilltlance  is  to  the  Hominida  in  the  small  elxe  of  the  canine  teeth.     It 

^  bnwevt^r.  a  number  of  resemblances  to  Tarnut  which  Is  perhaps  Us 

"iniu  ally  among  ibe  lemurs,  although  tliat  genus  has  three  premolars. 

'il<of  theae  points  Is  the  anterior  extension  of  the  otic  bultie,   which  is 

•^IwilTely  overrun  by  the  external  pterygoid  ala.     A  consequence  ot 

"''•  Wraiigeuient  h  the  external  poaition  of  the  foramen  ovale,  just  as  Is 

"*Bia  Tarn'iu.     Another  point  is  the  probably  inferior  position  of  the 

'''''neti  nvale.  Though  lhis]mrl  is  broken  away  in  the  cranium  of  .Jnapfo. 

**'Vhii*  hamuneuttu,   the  parocclpital  process  Is  preserved,  and  has  tho 

'Umasrl}'  fivMitlptlon  oC  AnaplomoriiliMt.PTtHi.  Amor.  Plillos.  Boo.,  ISTA,  tbe 
''VMiiMke  mc- Hir  "this  gnnus  *  •  ml);ht  be  referreil  dectdedry  to  Iho  i^- 
**'''>.  ••re  II  iiol  tqr  tlie  unoaelded  ii;inphy»1s."     t(  is  scarcely  uecesMry  to 


Cope.]  154  [I>ec  l« 

poaition  seen  in  Tarmis,  as  distinguished  from  the  IndrUi/uB,  LemurituB, 
OalagiiuB,  etc.    In  this  it  also  resembles  the  true  Qftadrumaiyi, 

When  we  remember  that  the  lower  Quadrumana,  the  Jffapalidm  and 
the  Cebida,  have  three  premolar  teeth,  the  resemblance  to  the  higher  mem- 
bers of  that  order  is  more  evident.  The  brain  and  its  hemispheres  are  noi 
at  all  smaller  than  those  of  the  Tartiu^,  or  of  the  typical  lemurs  of  the 
present  period.  This  is  important  in  view  of  the  very  small  brains  of  the 
flesh-eating  and  ungulate  Mammalia  of  the  Eocene  period  so  far  as  yel 
known.  In  conclusion,  there  is  no  doubt,  but  that  the  genus  Anapto- 
marphus  is  the  most  simian  lemur  yet  discovered,  and  probably  represents 
the  family  from  which  the  true  monkeys  and  men  were  derived.  Its  dis- 
covery is  an  important  addition  to  our  knowledge  of  the  phylogeny  ol 
man. 

Char,  specif.  'I'be  specimen  is  distorted  by  pressure,  but  its  form  it 
normally  nt*arly  round,  when  viewed  from  above  or  below.  The  extremity* 
of  the  muzzle  is  broken  away,  but  the  alveolus  of  the  external  incisor  in- 
dicates that  it  is  short,  and  not  prolonged  as  in  Tarsius  spectrum.  Tht 
mandibular  ramus,  already  described,  proves  the  same  thing.  The  orbits 
arc  large,  but  not  so  much  so  as  in  Tarsius  spectrum  ;  their  long  diametei 
equals  the  width  of  the  jaws  at  the  last  sujwrior  molar  teeth  inclusive. 
The  supraorbital  bonlers  project  a  little  above  the  level  of  the  frontal 
bone,  which  is  concave  bt^tween  their  median  and  anterior  parts.  The 
cranium  is  wide  at  the  postorbital  region,  in  great  contrast  to  its  form  in 
the  Adapida,  resembling  the  Xtcrokmur  antiquus  Filh.  in  this  respect. 
The  ]x>st frontal  processes  are  wide  at  the  basal  portion,  and  flat.  From 
their  i^osterior  bonier  the  temporal  ridges  take  their  origin.  These  converge 
])Osteriorly  and  probably  unite  near  the  lambiioidal  suture,  but  this  part 
of  the  skull  is  injured.  The  anterior  lobes  of  the  cerebral  hemispheres 
are  indicated  externallv  bv  a  low  l)oss  on  each  fh)ntal  bone. 

The  luiroccipital  process  is  short  and  wide  at  the  base,  and  it  is  directed 
downwanls  and  forwards.  The  alisphenoid  descends  so  as  to  form  a  strong 
wall  on  the  anterior  external  side  of  the  otic  bulla.  This  is  also  the  case 
in  larMi'uM  sptctrum,  but  in  the  extinct  sjwcies  the  descending  ala  is  more 
robust,  and  lias  a  thickeni'd  margin.  On  the  latter  the  external  pterygoid 
ala  n'sts  by  smooth  contact  of  its  thickened  superior  edge.  This  ala  is 
twice  as  pn)minen*  as  the  internal  pterygoid  ala.  The  jwsterior  nareal 
opening  is  not  wide,  and  its  anterior  border  is  parallel  with  the  posterioi 
Iwrder  of  the  last  sui>erior  molar  teeth.  The  ]>alate  is  wide,  and  its  dental 
lH)nlers  form  a  regular  an»ade  as  in  man,  being  quite  different  from  the 
form  usual  in  monkeys  and  lemurs,  including  Tarsius.  Perhaps  the  fom; 
is  most  like  that  of  3ncrorhj/nrhus  lanifjcr.  The  proximal  parts  of  th( 
malar  bone  are  pnmiinent,  and  overhang  the  maxillary  border,  as  ii 
Tarsius. 

The  foramina  ovale  and  hichrymaU  are  rather  large.  Tliere  are  twc 
infhiorbital  canals,  lying  besiUe  each  other,  and  issuing  by  two  foraininf 
externa.    The  external  appearance  justified  this  conclusion,  bat  the  fac 
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WM  demonstnted  when  I  accidentally  broke  away  the  anterior  border  of 
one  of  the  orbits.  This  displayed  the  two  canals  filled  with  matrix  their  en- 
tire length.  The  anterior  foramen  externum  is  anterior  to  and  aboTe  the 
poterior,  and  both  are  above  the  first  (third)  premolar  tooth.  The 
lachrymal  foramen  is  above  the  space  between  that  tooth  and  the  canine. 
I'he  crown  of  the  canine  tooth  is  a  cone  with  a  very  oblique  base,  and  a 
convex  anterior  face.  The  base  rises  behind,  and  the  posterior  face  lias  on 
the  median  line  a  low  angular  edge.  The  internal  cone  of  the  third  (first) 
premolar  is  not  so  prominent  as  that  of  the  second,  though  large.  The 
•^^rnal  cusps  of  both  premolars  rise  directly  from  the  external  base.  They 
^^  flattened  cones,  with  anterior  and  posterior  cutting  edges.  The 
ciowns  are  a  little  contracted  at  the  middle,  so  as  to  be  narrower  than  the 
inner  lobe  of  the  tooth,  which  is  narrower  than  the  external  portion.  Both 
premolars  have  delicate  anterior,  posterior  and  external  cingula.  The  ex- 
terna] cusps  of  the  true  molars  rise  directly  from  the  external  base,  and 
like  those  of  the  premolars,  have  a  regularly  lenticular  section.  At  the 
internal  base  of  each  one  is  a  small  intermediate  tubercle,  which  is  con- 
nected by  an  angular  ridge  with  the  single  internal  cusps.  There  are 
Plicate  anterior,  posterior,  and  external  cingula,  but  no  internal.  The 
posterior  cingulum  shows  a  trace  of  enlargement  at  its  inner  part,  which 
V  Well  marked  on  the  second  molar,  but  it  is  not  as  prominent  as  in  many 
Creodont  genera.  The  posterior  external  cusp  of  the  last  true  molar  is 
Kduced  in  size.  Taking  the  molars  together,  the  first  true  molar  is  the 
^?e8t,  an4  they  diminish  in  size  both  anteriorly  and  posteriorly.  The 
^*id  true  molar  is  a  little  smaller  than  the  first  (third)  premolar.  Enamel 

wnooth. 

Measurements.  M. 

Length  of  cranium  to  occipital  prominence  above  par- 

occipital  process,  and  minus  premaxillary  bone. .  .0280 

Total  width  at  posterior  border  of  orbit,  below 0240 

Length  of  palate  from  front  of  canine  tooth 01 16 

"Widtji  of  palate  and  peunltimatc  molars 0125 

Xength  of  superior  molar  series 0095 

"        true  molars 0060 

_.  _  -       .       (anteroposterior 0018 

Diameters  of  crown  of  canine  |  vertical 0018 

-^  *«...<  anteroposterior 0020 

Diameters  crown  of  P-m.  in,   |  transverse 0026 

c  anteroposterior 0020 

Diameters  crown  of  P-m.  iv,   ^  ^^^^^^^^ 0085 

-^.  >»  ..    (  anteroposterior 0032 

Diameters  M.  n,   |  transverse 0040 

^.  „  ,„    f  anteroposterior 0^)16 

DuimetersM.il!,   |  transverse 0028 

•.,  ^     , .    c  anteroposterior 0110 

Diameters  of  orbit  ^  ^^^j^j  ^^  depressed) 0078 

Interorbital  width  (least) 0050 

^lOC.  AMER.  PBIL08.  80C.  XX.  111.  T.       PRINTED  MARCH  13,  1882. 
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The  AnaptomorpJiUB  JwmuncvluB  was  nocturnal  in  its  habits,  and  its  food 
was  like  that  of  the  smaller  lemurs  of  Madagascar  and  the  Malaysian 
islands.  Its  size  is  a  little  less  than  that  of  the  Tarsius  ipeetrum.  The 
typical  specimen  was  found  by  Mr.  J.  L.  Wortman  in  a  calcareous  nodule 
in  the  Wasatch  formation  of  the  Big-Horn  basin,  Wyoming  Territory. 

Creodonta. 

Shortl)'  after  the  publication  of  my  arrangement  of  the  Creodonta  in 
1880*,  I  obtained  a  good  deal  of  additional  material,  which  enabled  me  to 
improve  it  in  several  respects.  A  number  of  genera  have  been  added,  and 
the  characters  which  distinguish  tlie  Miaeida  and  Oxyanidm  have  been 
more  fully  brouglit  out.  Tlie  Miacidce  differ  from  all  other  families  in 
having  the  fourth  superior  premolar  sectorial  as  in  the  true  Carnivores, 
while  the  true  mohirs  are  tubercular.  In  OxycBna,  the  fourth  su])erior  pre- 
molar displays  no  indication  of  sectorial  structure,  the  first  true  molar 
assuming  that  character.  In  Stypolophus  and  allies,  the  second  superior 
true  molar  is  more  or  less  sectorial,  and  the  first  true  molar  and  even  the 
fourth  premolar  in  some  of  the  genera,  develop  something  of  the  same 
character.  But  there  is  every  gradation  between  the  triangular  Didelphyi- 
like,  and  the  sub-sectorial  Pterodon-XWia  forms  of  the  superior  molars,  in 
this  group  of  genera. 

The  glenoid  cavity  of  the  squamosal  bone  presents  differences  in  the 
various  genera  of  this  sub-order.  In  ArctocyonidcB  (fide  De  Blainville), 
OxycRiiidce,  and  HeMonycJiida;,  it  is  bounded  by  a  transverse  crest  anteriorly, 
as  well  as  hy  the  postglcnoid  posteri()rl3%  while  in  the  Leptictida  it  is  plane 
and  open  anteriorly.  In  Amblyctonidun  its  condition  is  unknown.  In 
existing  Carnkora  this  character  is  not  very  constant  as  a  family  defini- 
tion ;  it  is  best  marked  in  the  FcUdcp,  and  least  marked  in  the  Canidm. 
Nevertheless  there  is  a  group  of  genera  allied  to  the  Oxyanidas,  which  are 
very  marsupial  in  character,  which  have  been  called  the  Leptictidat,  and 
which  ditler  so  far  as  known  from  OxycEna  in  the  absence  of  the  preglcnoid 
crest.  I  suspect  that  these  forms  constitute  a  family  by  themselves,  and 
for  the  present,  until  our  knowledge  of  them  is  fuller,  I  define  it  by  this 
character.     The  definitions  of  the  families  will  then  be  as  follows  : 

I.  Ankle-joint  plane  transversely,  or  nearly  so. 

True  molars  above  and  below,  tubercular  ;  last  superior  not  transverse. .. . 

Arctocyonidm. 
Superior  t  me  molars,  tubercular;   last  superior  premolar  sectorial  ;   first 

inferior- molar  "  tubercular  sectorial  " Miacidct. 

Superior  last  niular  transverse  ;  inferior  molars  tubercular-sectorial  or  with 

reduced  anterior  cusp  ;  no  preglcnoid  crest Leptictida. 

Last  superior  molar  trenchant,  transverse  ;   first  superior  true  molar  sec- 
torial ;  inferior  true  molars  tubercular-sectorial  ;  a  preglenoid  crest 

Oxymnidm, 
•Proceedings  Amor.  Pliilos.  Society,  p.  70. 
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Last  superior  molar  longitudinal ;  inferior  true  molars  without  developed 
sectorial  blade AmblyUonida, 

n.  Ankle-joint  tongued  and  grooved,  or  trochlear. 

Molar  teeth  in  both  jaws  consisting  of  conic  tubercles  and  heels  ;   none 
sectorial ;  a  preglenoid  crest \ AfesonychidcB. 

I  now  give  the  characters  of  the  genera.  All  these  are  derived  from 
examination  of  typical  specimens.  The  opportunity  of  doing  this  1  owe 
to  the  kindness  of  Messrs.  Leidy,  Gervais,  Gaudry,  Filhol,  and  Lemoine. 

ARCTOCYONIDiE. 

Premolars,  J  ;  the  first  inferior  one-rooted  ;  the  last  inferior  well  developed  ; 

Arciocyon  Blv. 
Premolars  below,  4,  the  first  two-rooted,  the  last  true  molar  much  reduced  ; 

(fide  Lemoine) Hyodectea  Cope. 

Premolars  below,  3,  first  two-rooted  ;  true  molars  normal 

HeteroboTus  Cope. 

MlACIDiC. 

Inferior  tubercular  molars  two,  premolars  four Miacis  Cope. 

Inferior  tubercular  molars  one,  premolars  four DidymicHs  Cope. 

Leptictid^e. 

L  Superior  molars  sub-equilateral,  without  cutting  heel  posteriorly. 

a.  Fourth  inferior  true  molar  like  the  true  molars,  with  three  anterior 

cusps. 

fi.  Third  superior  premolar  with  internal  cusp  ;  anterior  cusp  of  in- 
ferior molars  small,  median. 

Third  premolar  with  one  external  and  one  internal  cnsiis.  Sfesodectes  Cope. 
Third  premolar  with  two  external  and  one  internal  cusps Ictops  Leidy. 

p^.  Third  superior  premolar  without  internal  cusps  ;  anterior  cusps  of 

inferior  molars  present. 

Cusps  of  superior  molars  marginal ;  two  superior  incisors  ;  Leptictis  Leidy. 

Cusps  of  suiMjrior  molars  median  in  position  ;   anterior  cusp  of  inferior 

molars  well  developed Peratherium  Aym. 

yj/'?,^.  Anterior  cusps  of  interior  molars  wiinting. 

Fourth  inferior  premolar  like  true  molars Diacod4m  Cope. 

aa.  Fourth  inferior  premolar  difTerent  from  true  molars  in  a  simpler 

constitution. 

Last  inferior  molar  tubercular  ;  cusps  of  other  true  molars  well  developed; 

three  inferior  premolars Lipodecics  Coikj. 

Inferior  true  molars  alike,  with  anterior  inner  cusps  little  developed  ;  three 

premolars  (?) Triiiodon  Cope. 

Inferior  true  molars  alike,  with  cusps  well  developed  ;  four  premolars. . . . 

Deliatheriunh  Cope. 
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# 
II.  One  or  more  superior  molars,  with  the  external  heel  produced  into 
a  blade. 

a.  Molars  4—8 ;  three  last  inferior  tubercular  sectorial. 

Premolars  robust,  conic QuercUherium  Fflh. 

Premolars  compressed  ;   the  fourth  superior  with  a  conic  cusp  and  heel 

externally Stypolaphus  Cope. 

Premolars  compressed  ;  fourth  superior  with  a  simple  blade  externally. . . 

Proviverra  Riitim. 

OXYJENID^. 

I.  Inferior  molars  without  internal  tubercles. 

Molars,  f  }  ;  three  sectorials  in  the  lower  Jaw Pterodon  BIt. 

II.  Inferior  molars  with  internal  cusps. 

a.  Posterior  heel  of  one  or  more  superior  molars  elongate  and  trench- 
ant. 

Last  inferior  molar  truly  sectorial,  without  internal  tubercle ;    second, 

tubercular-sectorial Protopsalis  Cope. 

Molars,  }  J  ;  two  last  inferior  molars  tubercular-sectorial. . .  Oxy4Bna  Cope. 

Ambltctonid^. 

Fourth  inferior  premolar  with  a  broad  heel  supporting  tubercles;   aa 

anterior  and  no  internal  tubercles Amblyetonus  Cope. 

Inferior  molars  with  tubercular  heel,  an  anterior  and  an  internal  tubercle. 

Bsriptychtu  Cope. 
Dental  formula  below,  3,  1,  8,  8.     Fourth  inferior  premolar  with  a  cutting 

edge  on  the  heel ;  both  internal  and  anterior  tubercles 

Falaonyctii  Bk. 

MEBONTCUIDiB. 

a.  Inferior  molars  seven  j 

Cones  of  inferior  and  superior  molars  simple AfetonjfX- 

Cones  of  last  two  inferior  molars  with  lateral  cusps DUsaau. 

aa.  Inferior  molars  ?  six. 

Internal  lobes  of  penultimate  superior  molar  vshaped SdreothrautUt- 

aa.  Inferior  molars  five. 

Inferior  molars  with  strong  anterior  lobe PatriofeUi* 

MiACis  CANAvrs  Cope. 

Bulletin  U.  S.  Geol.  Survey,  Terrs.,  18Ht,  p.  189.     One  mandible. 

MiACiB  BREViROSTKis  Cope,  loc.  cit.  p.  190. 
Parts  of  four  mandibles. 

DlDYMICTIS   DAWKINSIANUft  Cope,  1.  C,   p.   191. 

Six  mandibular  rami  more  or  less  complete. 

Individuals  of  the  genus  DidymicUs  are  abundant  in  the  Wasatch  bcd^ 

•  Of  uncertain  reference  to  this  family. 


J 
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iB  absolutely  quite  elevated  above  the  alveolar  border.  Its  summit  presents 
a  y  externally,  and  there  is  a  small  posterior  median  angle.  In  the  last 
true  molar  this  angle  is  a  little  more  prominent  than  in  the  others,  and 
rises  into  a  cusp.  The  external  bases  of  the  crowns  are  protuberant,  but 
there  are  no  cingula.     Enamel  smooth. 

The  ramus  is  rather  compressed,  and  the  masseteric  fossa  is  well  marked, 
and  is  bounded  anteriorly  by  a  prominent  rib. 

Measurements,  M. 

Length  of  true  molars 0100 

/  anteroposterior 0035 

Diameters  M.  Ill  )  vertical 0035 

(  transverse 0030 

-^.        ,       ,,  »  c  antoroiK>sterior.   0035 

Diameters  M.  I J  ^  f^^a 

I  transverse 0028 

Depth  of  ramus  at  M.  II 0070 

This  species  is  smaller  in  all  dimensions  th.in  /.  didelphoides,  and  the 
crowns  of  the  molar  teeth  are  shorter  and  more  elevated  than  in  that 
species. 

Deltatherium  absarok^  Cope.     American  Natural!^,  ^881,  p.  660. 

A  small  species,  represented  by  an  imperfect  cranium  and  lower  jaw 
'with  nearly  complete  dentition. 
Stypolophus  aculeatus  Cope. 

Several  fragmentary  mandibles  nearly  coincide  in  measurements  with 
this  species.  The  molars  are  .0240  in  length,  and  the  ramus  is  .0140  in 
depth.  The  only  difference  in  the  measurements  is  that  the  true  molars 
measure  .0250  in  S.  aculeatus.  Tlie  latter  is,  however,  a  species  of  the 
Bridger  epoch,  so  that  further  comparison  will  be  necessary  before  identi- 
fication is  made. 

Stypolopuub  whiti^,  sp.  nov. 

Sttfpolophtu  strenuus  Cope.  Bulletin  U.  S.  Geol.  Sur^'C}',  vi,  192  ;  not 
of  Report  C'apt.  Wheeler,  vol.  iv,  pt.  ii. 

The  greater  part  of  the  skeleton,  with  skull  and  dentition  of  this  species, 
were  brought  from  the  Big-IIorn  by  Mr.  Wortman.  A  jmrl  of  a  mandible 
of  a  second  individual  was  also  found.  The  species  is,  however,  primarily 
based  on  a  specimen  from  the  Wind  river.  This  is  represented  by  a  right 
mandibular  ramus  which  supports  all  the  molar  teeth,  and  displays  the 
alveolus  of  the  canine,  and  lacks  all  posterior  to  the  coronoid  process  ; 
also  by  a  portion  of  the  frontal  bone,  two  vertebra?,  fragments  oP  scapula, 
humerus,  ulna,  radius,  ilium,  and  tibia,  and  the  greater  part  of  both  tarsi. 
They  represent  a  s[>ecies  larger  than  the  Virginian  opossum,  and  inter- 
mediate between  the  .9.  hreticnlcnratus  and  S.  strenuus  in  proportions.  It 
has  not  the  rudimental  heels  of  the  molars  of  the  former  species,  nor  the 
robustness  of  the  latter. 

The  inferior  outline  of  the  mandible  is  gently  curved  from  the  canine 
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to  below  the  last  molar.  The  anterior  border  of  the  masseteric  fossa  is  well 
marked,  but  not  the  inferior  border.  The  ramus  is  compressed  and  deep. 
The  canines  have  stout  roots  and  narrow  curved  crowns.  The  first  premo- 
lar is  separated  by  a  short  space  from  the  canine  and  by  a  longer  one  from 
the  second  j^remolar.  It  has  either  a  single  compressed  root  or  two  roots 
confluent  within  the  alveolus.  The  crown  is  truncated  obliquely  behind. 
Tlie  second  premolar  is  two-rooted  and  the  crown  is  elevated  anteriorly 
and  depressed  posteriorly.  The  third  premolar  is  more  symmetrical,  but 
the  heel  is  produced.  It  is  narrow  and  keeled  medially.  The  fourth  pro- 
molar  is  abruptly  larger  than  the  third.  Its  crown  is  simple,  except  a  low 
tubercle  at  the  anterior  base  and  a  short  trenchant  heel  at  the  posterior 
base.  Of  the  three  tubercular- sectorials  the  first  is  the  smaller.  The  heels 
ot  all  three  arc  rather  narrowed  and  elongate.  Their  margin  is  raised  all 
round,  inclosing  a  basin  ;  a  notch  in  the  external  margin  cuts  its  anterior 
part  into  a  tubercle.  The  two  internal  tubercles  arc  rather  obtuse,  and  are 
considerably  shorter  than  the  external  cusp. 

Measurements.  M. 

Length  from  canine  to  end  of  last  molar 060 

first  true  molar 037 

'*         "        **  second  premolar 015 

'*       of  base  of  fourth  premolar .009 

Elevation  of  fourth  premolar 007 

Length  of  base  of  second  true  molar 007 

heel  ••         "         "      006 

Elevation  of  sooond  true  molar 009 

Deptli  of  ramus  at  third  premolar 015 

Length  of  superior  canine 028 

**  crown  of  superior  canine  with  enamel 013 

A  portion  of  the  frontal  bone  shows  weak  anterior  temporal  ridges 
uniting  early  into  a  sagittal  crest,  which  is  low  as  far  as  preserved.  The 
parietal  bones  overlap  the  frontal  as  far  forwards  as  the  temporal  ridges. 
Anterior  to  the  latt(jr  th(?  front  is  concave  in  transverse  section.  Viewed 
from  below,  the  spaces  for  the  olfactory  lobes  are  large  and  entirely  an- 
terior to  those  which  received  the  anterior  lob(»s  of  the  hemispheres  ;  each 
one  is  about  as  wide  as  long.  In  the  small  part  of  the  cerebral  chamber 
wall  left,  there  is  no  indication  of  convolutions,  which  would  be  visible  in 
a  gyrenccphalous  br;iin  ;  two  air-chambers  in  front  of  each  olfactory  lobe. 

The  base  of  the  transverse  process  of  the  atlas  is.  perforated  from  be- 
hind to  the  middle  of  its  inferior  side  ;  from  the  latter  opening  a  foramen 
|)enetrates  directly  into  the  neuml  canal.  A  iK)sterior  dorsal  vertebra  haa 
the  centrum  longer  than  wide  and  much  depressed.  Its  inferior  face  is 
njgularly  convex  in  section.  The  proximal  end  of  the  scapula  shows  that 
its  inner  border  is  much  thickened,  and  that  the  spine  arises  abniptly  and 
near  to  the  glenoid  cavity.  There  appears  to  have  been  scarcely  any  cora- 
coid  ;   the  surface  adjoining  it  ivS,  however,  injured.     The  humerus  lacks 
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the  proximal  portion  and  the  inner  half  of  the  condyles  with  the  epi- 
condyles.  The  deltoid  crest  is  not  very  prominent,  so  that  the  shaft  is 
rather  slender.  The  (external  distal  marginal  crest  is  thin,  and  is  continued 
well  up  on  the  shaft.  The  external  part  of  the  condyle  displays  no  inter- 
trochlear  ridge.  Olecranar  and  coronoid  fpss®  well  marked.  The  olecranon 
is  rohust  and  deep,  and  is  truncate  posteriorly  and  below.  The  head  of 
the  radius  is  a  regular  transrerse  stout  oval. 

A  fragment  of  tlie  ilium  fh>m  near  the  acetabulum  displays  a  prominent 
"anterior  inferior  spine."  The  best  preserved  tarsus  includes  calcaneum, 
astragalus,  cuboid,  and  navicular  bones.  The  tibial  face  of  the  astragalus 
is  strongly  convex  antero-posteriorly  and  slightly  concave  transversely. 
The  head  is  prolonged  some  distance  beyond  the  distal  extremity  of  the 
calcaneum,  and  presents  a  convex  internal  border  and  a  concave  external 
one.  Its  long  axis  is  parallel  to  that  of  the  tibial  portion,  but  is  not  in  the 
same  axis,  owing  to  its  lateral  position.  The  external  face  of  the  trochlear 
portion  is  vertical,  and  is  interrupted  by  a  deep  fossa  behind.  The  internal 
face  is  very  oblique,  and  becomes  the  superior  face  of  the  head.  The 
}K)sterior  face  of  the  trochlea  is  grooved  with  a  wide  and  shallow  groove, 
ivhich  Just  reaches  the  superior  face,  terminating  on  the  external  side. 
The  superior  face  is  not  grooved,  but  is  shallowly  concave  in  transverse 
section.  The  head  is  a  transverse  oval,  and  is  convex  ;  it  has  a  small  facet 
for  the  cuboid  on  the  outer  side. 

The  heel  of  the  calctaneum  is  large  and  expands  distally,  so  as  to  be  as 
iw^ide  as  deep.  The  convex  astragalar  facet  is  very  oblique  to  the  long 
axis  of  the  calcaneum  ;  the  sustentaculum  is  rather  small.  Below  the 
latter  is  a  narrow  tuberosity  looking  downwards  and  forwards.  On  the 
external  side,  close  to  the  cuboid  facet,  is  a  depressed  crest.  The  cuboid 
facet  is  as  deep  as  wide.  The  cuboid  bone  is  a  little  longer  than  wide 
proximally,  and  narrows  distally.  It  has  a  narrow  astraguline  facet  and 
a  deep  fossa  below  proximally.  The  hook  inclosing  the  groove  for  the 
tendon  of  the  flexor  muscle  is  prominent.  The  navicular  is  rather  small, 
and  has  three  inferior  facets,  which  diminish  in  size  outwards.  It  has  a 
strong  posterior  knob-like  process,  with  a  narrow  neck. 

When  the  tarsal  bones  are  in  position,  and  the  tibia  stands  vertically  on 
the  astrelagus,  the  cuboid  bone  is  turned  inleriorly.  This  indicates  that  this 
species  walked  on  the  outer  edge  of  the  hinder  foot. 

Broken  metapodial  bones  are  slender  and  straight.  The  proximal  end 
of  a  metacarpal  does  not  display  the  interlocking  lateral  articulation  seen 
in  Protopsalis.    Two  phalanges  are  depressed  in  form. 

Measurements.  M. 

/anteroposterior 0145 

Diameters  of  a  dorsal  centrum  )  vertical 0075 

'  transverse 0115 

-..       ^         r   1       'J        '^  1    <  anteroposterior 0145 

Diameters  of  glenoid  cavity  scapula  ^  ^^^.^^^^ ^^ 
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Diameters  of  astragalus 


transverse.      \^^ 
lot 
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MeoiuremenU.  M. 

Depth  of  olecranon 0110 

Width  of  head  of  radius 0110 

**  neck  of  ilium  anteroposteriorly 0120 

Diameter  of  shalt  of  tibia  at  middle 0085 

I 

'  antero{)08terior 0180 

greatest 

of  trochlea 0140 

head 0100 

Length  of  head 0070 

calcaneum 0300 

Width  of  calcaneum  at  sustentaculum 0140 

cuboid  facet 0066 

Length  of  cuboid 0120 

r  rdistal 0070 

.  Diameters  j  anteroposterior  \  ^^oximal 0075 

'  transverse  proximal 0098 

f  vertical 

_.  I  .  ,^      ( with  tuberosity  .. .  .0100 

DiameteiNof  njiviriiljir  I   tninsvcrse      ^      .  .  .         . 

i/iameiersoi  navicular  ^  ^  without  tuberosity    0070 

anteroposterior 

As  already  remarked,  it  is  probable  that  the  semigrooved  trochlea  of  the 
astragalus  of  this  species  is  an  indication  that  the  genus  Prototomus  must 
be  retained  as  distinct  from  Stypolophus,  to  which  the  present  species  proba- 
blv  trulv  belonffs?. 

The  specimen  described,  together  with  the  mandibular  ramus  of  another 
supporting  the  last  two  molar  teeth,  were  found  in  the  bad  lands  of  Wind 
river,  Wyoming,  by  J.  L.  Wortman.  Dedicated  to  Frances  Emily  White 
M.  D,,  of  Philadelphia. 

OXY.EXA  FORCIPATA  CopC. 

Report  Vert.  Foss.,  New  Mexico,  1874,  p.  12.  Report  Capt.  G,  M. 
Wheeler,  U.  S.  G.  G.,  Expl.  Surv.  W.  of  100th  Mer.  iv,  ii,  p.  105,  1877. 

This  formidable  animal  was  abundant  in  Northern  Wyoming,  during  the 
Wasatch  epocli.  At  least  ten  individuals  are  represented  in  the  collection. 
The  following  are  the  dimensions  of  the  mandibles  of  the  five  best  pre- 
served. 


Length  of  dental  series 


y  \.3 

103    t 


<f 


premolar  •'    042  .045 


100. 100;.  107 


.044.051 


.054 


Depth  of  ramus  at  M.  III^. ^  .^. .  .042  .039. 037  .042  .047 

The  measun^ment  .035  for  the  length  of  the  premolars  given  in  my 
report  to  Capt.  Wheeler,  loc.  cit.,  refers  to  the  anterior  three  teeth,  which 
were  originally  8upi)osed  to  be  the  only  premolars. 
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Tlie  claws  of  this  species  are  moderately  compressed,  and  they  termi- 
nate ubrupUy  and  obtusely.  The  extremity  is  deeply  Assured,  and  each 
of  tUe  two  apices  is  rugose. 

Mesoxyx  ossifraous  Cope,  American  Natunilist,  1881,  p.  1018. 

I^rc7it/<rna  0H8\fraga  Cope.  Report  Capt.  Wheeler,  U.  S.  G.  G.  Surv.  W. 
of  lOOili  Mcr.  IV,  ii.  p.  94.  1877. 

A  series  of  specimens  of  this  species  demonstrates  the  following  i)oints  : 

(l;  PiifhptBiia  was  founded  on  a  superior  molar  of  Mesonyi,  and  must  be 

suppressed.     (2)  Afesonyx  navajovius  Cope  must  be  separated  as  a  distinct 

genus,  since  the  apices  of  the  crowns  of  tlie  last  two  molars  have  two 

cusj>s.  I  have  called  this  genus  i>/waft/«  (American  Naturalist,  Dec,  1881). 

(4)  It  results  that  there  are  three    species    of  Mtsonyx :   M.  ossifragtu 

Cope,  M.  lanius  Coi>e,  and  J/,  obtusidens  Cope. 

M.  oMifrngus  was  the  largest  Crcodont  of  the  Eocene,  equaling  the 
largest  grizzly  bear  in  the  size  of  its  skull.  In  a  cmnium  with  lower  jaw 
and  Almost  complete  dentition,  the  length  to  the  premaxiUary  border  from 
ll»e  ixjslglenoid  crest  is  M.  .365  ;  the  largest  Ursus  horribilis  in  my  collec- 
tion givt»s  .270  for  the  same  length.  Tliis  specimen  has  the  dental  fonnula 
^•};  r.  f;  P-m.J;  M.  J.  The  claws  have  the  flattened  form  which  I 
disc<»vered  in  3f.  IftniHS,  and  the  proximal  phalanges  have  much  the  shape 
of  those  of  a  Perissodactyle.  The  astraglus  has  mudi  the  chanicter  of  the 
•nImaU  of  that  order,  and  has  the  distal  facets  as  I  orijiinallv  detected 
them  in  the  J/,  obtusidens.  The  form  of  this  bone  is  rather  shorter  and 
wider  than  in  the  latter  si)ecies. 

The  inferior  canine  tooth  of  a  large  specimen  has  the  following  diameters 
•t  the  base  of  tlie  crown  :  anteroiM)slerior  .039:  transverse  .024. 

AMBLYPODA. 

Pantodonta. 

The  explorations  in  the  bad  lands  of  the  Big-IIorn  river  yielded  several 
species  of  tliis  sub-order,  all  whicli  I  refer  at  present  to  the  Coryphodontida. 
Tliey,  however,  repn-sent  several  gcjneni,  two  of  whicli  have  not  been 
previously  known.  I  have  distinguished  these  (American  Naturalist,  Jan., 
1882),  intlie  cliaracters  of  the  superior  molar  teeth  as  follows  : 

I.  Li^t  superior  molar  with  two  interior  cusps. 

A\\  the  superior  molars  with  a  well  marked  external  posterior  V 

3[anteodon. 
II.  Last  superior  molar  with  but  one  inner  cusp  or  angle. 

a,  I^ast  superior  molar  with  posterior  <'Xternal  cusp. 
^Interior  two  molars  with  posterior  external  V Ectacodon, 

an.  Last  superior  molar  without  external  iwsterior  cusp, 
f  Anterior  two  molars  with  posterior  external  V. 

AstmlngUH  transverse,  with  internal  hook Coryphodon. 

Afttrngalus  subquadratc,  without  internal  hook JitttJnnodon. 

ff  First  superior  molar  only  with  posterior  external  V MctitlopJiodon, 
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gulum  at  the  middle  of  its  length.  The  anterior  first  cingulum  extends 
to  the  anterior  external  part  of  the  crown,  and  then  turns  downwards  and 
posteriorly  and  terminates  at  the  middle  ot  the  external  base.  The 
posterior  crest  is  not  transverse,  but  quite  oblique,  sloping  at  an  angle  of 
450  with  tlie  axis  of  the  jaw.  The  part  of  the  crest  which  represents  the 
posterior  V  is  a  good  deal  larger  than  the  part  representing  the  anterior 
V,  and  is  closely  joined  with  it.  The  latter  is  well  separated  from  the 
anterior  first  cingular  ridge  and  its  anterior  exterior  elevated  portion.  The 
enamel  of  this  tooth  is  linely  wrinkled,  and  is  more  readily  worn  smooth 
than  in  the  Mantcodon  subquadratus. 

The  penultimate  superior  molar  has  the  posterior  V  well  developed, 
and  its  posterior  basal  or  external  angle  is  marked  by  a  tubercle  homol- 
ogo'us  with  that  which  is  so  prominent  on  the  last  molar.  The  anterior 
V  is  a  conic  tubercle  closely  joined  with  the  posterior  V,  and  well  separated 
from  the  anterior  first  cingular  lobe.  The  basal  cingula  are  well  developed, 
but  do  not  meet  on  the  inner  base  of  the  crown.  The  first  or  superior 
cingula  meet  as  usual  in  an  interior  angle,  but  there  is  a  contraction  of  the 
anterior  crest  just  before  reaching  this  angle.  The  first  true  molar  is 
smaller  than  the  second  and  has  the  same  general  structure.  Here,  how- 
ever, the  anterior  lirst  cingulum  is  more  prominent  near  the  internal  angle 
than  the  posterior.  The  characters  of  the  premolars  do  not  diflfer  from 
the  corresponding  ones  of  species  of  Cori/phodon.  The  enamel  is  delicately 
wrinkled.     The  first  superior  premolar  is  not  preserved. 

Measurements.  M. 

/  anteroposterior 034 

Diameters  of  crown  of  M.  Ill  <  transverse 043 

(  vertical 015 

/  anteroposterior 028 

Diameters  M.  I  <  transverse 033 

'  vertical 012 

^.  ,^        ^,^  (  anteroposterior 023 

Diameters  Pm.  Ill  ?  ,._^„^_„  hqo 

( transverse UoU 

It  is  probable  that  this  species  was  about  the  size  of  an  ox. 

COUYPIIODON  AN  AX,  Sp.  UOV. 

Mr.  Wort  man  sends  me  a  number  of  teeth  of  probably  two  individuals^ 
which  exceed  in  size  those  of  any  species  of  Coryphodon  yet  known,  and 
differ  in  certain  details  of  form  from  all  of  them.  The  specimens  consist 
of  incisors,  premolars  and  molars  of  both  jaws  of  one  animal,  and  an  In- 
ferior canine,  which  from  its  separate  wrapping,  I  suppose  to  have  been 
derived  from  a  different  locality. 

The  incisors  and  premolars  have  the  form  usual  in  species  of  the  genus, 
differing  only  in  their  large  size.  The  same  may  be  said  of  the  premolars. 
A  well  preserved  superior  true  molar  is  probably  the  third.  It  has  the 
fonu  usual  in  the  genus,  but  exhibits  two  peculiarities.  The  posterior 
transvei-se  crest  is  divided  more  deeply  than  usual  by  a  deep  notch  which 
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enters  it  from  the  transverse  valley.  The  external  portion  is  the  shorter, 
tncL  exhibits  the  peculiarity  of  being  connected  with  external  \mn  of  the 
anterior  transverse  crest.  It  is  as  closely  connected  with  this  crest,  as  it 
is  "With  the  internal  portion  of  the  jwsterior  crest.  The  external  connec- 
tioii  does  not  exist  in  the  other  species  of  the  genus,  where  the  two  crests 
*re  8cp:irated  at  their  outer  extremities  by  a  deep  valley.  The  posterior 
banal  pingulum  is  obsolete,  while  tl^  anterior  is  well  developed.  The 
ena.inel  of  this  tooth  where  not  worn,  is  wrinkled. 

The  posterior  iwrt  of  the  last  inferior  molar  is  characteristic.     The 
posterior  transverse  crest  is  short  and  very  oblique,  its  inner  extremity 
striking  the  posterior  margin  near  the  middle.     Here  it  is  elevated  into  a 
caMp,  which  rises  al)ove  the  surrounding  parts  in  a  characteristic  manner. 
Tlicsreisno  ledge  round  its  iwsterior  base,  but  the  border  expands  out- 
w&rds  at  the  biuse  of  the  true  crest.      The  additional  inner  marginal 
tabcrcle  is  low  and  compressed  as  in  C.  lobattis.     A  second  inferior  true 
molar  is  normal,  with  well  developed  anterior  marginal  ridge.     The  in- 
ferior canine  mentioned  is  of  large  proportions,   exceeding  by  one-half 
the  dimensions  of  the  inferior  canine  of  C.  lohatus.     Its  crown  is  curved 
outwards,  and  has  a  basal  alate  expansion  of  its  internal  ridge. 

Measurements.  M. 

_,.  _,  .  ,      c  anteroposterior 0.39 

Diameters  of  last  superior  molar  >  ^^^ 

*  ( transverse Ool 

»x.  ..  ,  .  ..    .  1     ( anteroposterior  .0;i9 

Diameters  of  second  inf«rior  true  molar  5  ^  ^,,o 

I  transverse 028 

Length  of  inferior  canine U\0 

crownof    "     090 

-^      .  -        .      (Vertical 037 

iDiameters  of  base  of  crown  of  canine  ^  ^rimsverse 030 

Thi«  s^peries  is  nearest  the  C.  lobnius  in  some  resi)ects.  The  short  posterior 
rrest  «^t  the  last  inferior  molar  wiih  its  cusp-like  extremity,  and  the  absence 
ot  p<>Htc?rior  ledge  on  this  tooth  will  n-adily  distinguish  it. 
Ba<^  lands  of  the  Big-IIorn  river,  Wyoming. 

Tb^*t-o  are  six  individuals  of  this  s])erics  in  the  collection  which  are 
^^^ofi^ly  represented  by  fine  specimens,  which  represent  the- entire  denti- 

t.ion- 

flight  other  species  of  Coryphodon  were  obtained  by  tlie  Big-llorn  Ex- 

-yjdiiion,  and  the  material  enables  me  to  distinguish  them  better  than  here- 
J^for^    I  present  the  following  diflcjrenlial  .synopsis  of  their  characters  : 
I.  Tlie  lust  inferior  molar  with  three  posterior  cusps,  the  internal  some- 
times represented  by  a  ridge  ;   or  the  posterior  inferior  molars  with 
an  accessory  cus])  or  tubercle  on  the  inner  side  between  the  crests 
(Corifphodon,  Owen)  : 
^D  internal  tubercle;  last  upper  molar  with  the  anterior  cross  crest  and  an- 
terior external  crest  closely  connected  ;  size  largest ,C.  anax. 
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An  internal  conic  cusp  ;  posterior  crest  oblique  ;  heel  very  small ;  siie 

medium C7.  eu9pida$u$. 

An  internal  crest ;  posterior  crest  oblique ;  heel  small ;  size  medium 

(7.  obUqwu. 
An  internal  tubercle  ;  posterior  crest  little  oblique  ;  heel  large  ;  size  large. 

O.  lobatui. 

II.  Posterior  inferior  molars  with  two  posterior  cusps  ;  without  internal 
accessory  tubercle  : 

a.  Posterior  inferior  molars  with  small  or  no  heel : 
Large ;   posterior  superior   molar   oval,  with  distinct  straight  posterior 

crest ;  inferior  molars  elongate  ;  symphysis  mandibuli  produced  and 

narrowed  ;  premaxillary  elongate C.  latipes. 

Medium  ;  inferior  molars  nearly  as  wide  as  long  ;  premaxillary  short 

C.  latident, 

aa.  Posterior  inferior  molars  with  prominent  or  wide  heel : 
Medium  ;   posterior  superior  molar  with  posterior  angle,  and  angulate 

posterior  crest ;  inferior  molars  elongate  ;  symphysis  mandibuli  broad 

and  short ;  premaxillary  elongate  ;  tusk  trihedral C.  elephantopus. 

Smaller  ;  premaxillary  bone  short ;  tusk  trihedral C.$inm$, 

Medium  ;  premaxillary  elongate  ;  tusk  compressed  and  grooved 

C.  moleittu. 
Large  ;  last  superior  molar  oval,  with  angulate  posterior  crest ;  its  anterior 

lobe  connected  with  anterior  cingular  crest C  repandus. 

III.  Last  inferior  molar  with  but  one  posterior  cusp  from  which  a  curved 
crest  extends  round  the  posterior  border  of  the  crown. 

Superior  true  molars  narrow  ;   external  incisors  sharply  angulate  on  ex- 
ternal face C.  eurvicristii. 

IV.  Posterior  inferior  molar  unknown. 

Posterior  superior  molar  oval ;    posterior  crest  straight ;    internal  crest 
fissured  (?  normally)  ;  a  complete  internal  cingulum. . .  C.  Tnarginatui. 

CORYPHODON   CUSPIDATUS  Cope. 

This  species  was  found  in  a  single  individual  obtained  in  New  Mexico ; 
a  second  one  was  discovered  bv  Mr.  Wortman  in  the  Wind  River  basin, 
and  a  third  has  now  been  brought  from  the  Big-Horn. 

CORYPHODpN  LATIPES  CopC. 

I  refer  seven  individuals  provisionally  to  this  species.  Three  of  these 
are  represented  only  by  superior  teeth,  etc.,  and  in  four  the  last  inferior 
molar  is  preserved.  Of  the  latter,  three  have  an  angle,  sometimes  almost 
a  crest,  drjscM'nding  from  the  posterior  inner  tubercle,  as  in  C.  obliquuSt  but 
the  spetiinens  are  all  of  superior  size  to  that  species,  some  of  them  very 
much  exceeding  it.  It  is  also  i>ossible  that  this  ridge  is  not  a  constant 
charactcT.  This  species  has  the  dentition  which  I  have  referred  to  the 
Bathmodon  radians,  but  no  astragalus  of  the  species  ocrcurs  in  the  collec- 
tion. It  may  be  the  C.  latipes,  of  which  the  teeth  have  not  yet  been  iden- 
tified.    I  hope  soon  to  be  able  to  decide  this  question. 
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CORYPHODON  8TMUS  Copc. 

A.  broken  mandible  and  maxillary  bone,  with  several  teeth  represent 
this  small  species  in  the  Big-Horn  collection. 

COBTPHODON  ELEPIIANT0PU8  Cope. 

*^ortions  of  the  dentition  of  both  jaws,  including  the  last  molar  teeth 
of  t"^©  individuals,  prove  that  this  species  inhabited  Wyoming  in  the  early 
^^one  period.  One  of  the  individuals,  represented  only  by  the  last 
niolars  of  both  jaws,  is  a  little  smaller  than  the  typical  specimen  of  which 
*n  entire  cranium  is  figured  in  Capt.  Wheeler's  report  (4to,  1877,  PI. 
^^-lU),  while  a  second  specimen,  which  includes  the  entire  superior 
molar  series,  is  a  little  larger  than  the  same. 

This  species  is  characterized  by  the  obliquity  of  the  edge  of  the  posterior 
crpsi  of  the  posterior  superior  molar  backwards  away  from  a  transverse 
liDe  ;  and  by  the  slope  of  the  external  side  of  this  crest.  In  other  words 
*^&  inner  half  of  the  posterior  crest  nearly  forms  a  V,  like  that  of  the 
pt'Q ultimate  molar.  Tlie  posterior  edge  of  the  V  is  present,  running  out- 
^rds  from  the  inner  end  of  the  posterior  crest,  which  thus  becomes  the 
apex  of  the  V.  The  C.  elejyTuintopiis  thus  most  nearly  approaches  the 
genua  ManUodon,  of  all  the  species.  To  accommodate  the  obliquity  of 
the  crest  the  posterior  outline  of  the  last  upper  molar  is  strongly  angulate, 
giving  a  sub-triangular  outline.  The  heel  of  the  last  inferior  molar  is 
insignificant. 

COHYPHODON  REPANDU8,  Sp.  nov. 

Tills  large  species  is  known  from  the  posterior  portions  of  the  dentition 
of  ^^th  jaws,  with  un  entire  sym])hysis. 

The  last  superior  molars  are  intennediate  in  outline  between  the  regular 

ovrtlofthe  C.  radinns,  and  the  sub-triiingular  form  of  the  C.  ehphantopus. 

Tli^l^culiarities  of  the  species  are  seen  in  the  posterior  crest.     The  two 

lolx?s  of  which  this  is  comiJosed,  do  not  form  a  continuous  line  as  in  C. 

ht^*l^*  and  C.  simns,  but  form  an  angle  with  each  other  as  in  C.  anax. 

Tl*<?anterior  lobe  is  compressed,  and  its  long  axis  is  nearly  that  of  the  jaw  ; 

th«*  second  lobe  leaves  it  at  a  right-iinglo,  but  curves  backwards  as  it  ex- 

tf  ruls  inwards,  giving. a  concave  extei'oposterior  border.    There  is  no  ridge 

descending  outwards  from  the  inner  extremity  of  the  crest,  to  form  a  V, 

as   in    C,  elfphantopus.     But  the  post(?rior  basal   cingulum   extends  to 

the  external  side  of  the  tooth,  which  is  not  the  case  in  any  other  species 

Known  to  me  excepting  the  C.  marginatum.     The  anterior  cusp  is  closely 

joined  to  the  external  elevation  of  the  anterior  first  cingulum  as  in  C.  anax  ; 

a  character  which  separates  it  from  all  other  species.     A  strong  trace  of  a 

ringulum  passes  round  the  inner  base  of  the  crown.  No  external  cingulum. 

The  first  true  molar  does  not  differ  materially  from  that  of  other  species. 

It  is  considerably  smaller  than  the  last.     The  apex  of  the  premaxillary 

bone  with  the  second  incisor  and  alveolus  of  the  first,  is  i»reserved.     The 

lK>ne  \a  rather  short.     The  crown  of  the  incisor  is  regularly  convex  ex- 
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ternally,  and  is  not  expanded  at  the  base.    There  is  a  strong  internal 

ciugulum. 

A  fragment  of  the  lower  jaw  supports  the  last  two  molars.  The  internal 

angle  of  the  last  one,  is  unfortunately  broken.    The  posterior  crest  is, 

h<»wever,  perfectly  transverse,  which  is  not  the  case  with  the  species  with 

throe  posterior  tubercles.  The  preserved  part  of  the  posterior  border  shows 

a  distinct,  rather  narrow  heel.     The  anterior  Vs  are  well  developed  and 

there  are  no  lateral  cingula.     The  symphysis  is  flattened  out  by  pressure. 

The  inferior  canine  is  large.  It  is  sub-triangular  at  base  and  has  an  anterior 

basal  angular  projection. 

Measurtnien  ts.  M. 

T^.        .         -  •     vc  TTT  ( transverse 046 

Diameters  of  supenor  M.  Ill  J ,       .^    ,.     ,  ^^„ 

'  I  longitudinal 087 

^.        ^         ^  .     ,,  -(transverse 086 

Duimetcrs  of  superior  M.  1 1  i„„gitudinal 083 

_.  _  ^(Vertical 018 

Diameters  crown  I.  2  5  ^  ^lo 

^transverse 018 

/  transverse 028 

Diameters  inferior  M.  Ill  <  anteroposterior 040 

'  vertical  in  front  (restored). .  .024 

Length  of  symphysis 107 

Depth  of  ramus  at  31.  in 056 

The  superior  molars  of  this  species  might  readily  be  taken  for  an  under- 
sized individual  of  C.  anaXy  but  the  last  inferior  molar  is  of  a  different 
type,  and  refers  the  species  to  a  difterent  section  of  the  genus. 

COKYPIIODON   CUKVICRISTIS,  sp.  nOV. 

The  fragments  which  represent  this  species  belong  to  one  individual. 
They  include  a  conKiderablo  part  of  both  mandibular  rami  with  numerous 
molar  teeth,  and  most  of  the  inferior  iniiisors  loose.  Also  the  second 
superior  molar,  some  superior  premolars,  the  canine,  and  three  or  four 
incisors,  two  of  them  in  place  in  an  incomplete  premaxillary  bone.  None 
of  the  bones  of  the  skeleton  were  obtained,  so  far  as  known. 

The  ramus  of  the  mandible  is  both  robust  and  deep.  Its  inferior  bonier 
does  not  rise  posteriorly  so  much  as  in  some  species,  as  e.  g.,  C,  Miden*, 
and  the  angle  is  well  below  the  horizontal  lino  of  the  dental  alveoli.  The 
dental  fonimen  is  just  about  in  this  line.  The  inferior  premolars  and 
molars  do  not  difler  from  those  of  several  other  species,  but  the  last  molar 
has  seveml  peculiarities.  The  external  cusp  is  the  only  one  of  the  posterior 
pair  which  is  present.  It  gives  origin  to  two  crests,  both  of  them  curved. 
The  posterior  re[>resents  the  usual  posterior  transverse  crest,  but  is  gently 
convex  backwards,  and  turns  forwards  on  the  inner  side  of  the  crown, 
only  terminating  at  the  external  ba.se  of  the  anterior  cross  crest.  The 
other  curved  crest  is  low,  although  hijrher  than  in  most  species,  and  ex- 
tends to  the  middle  of  the  base  of  the  anterior  cross  crest.  There  is  a  dis- 
tinct heel  which  is  elevated  at  the  middle  and  disappears  gradually  at  each 
end,  not  being  abruptly  incurved  as  in  t.  a  mix.    The  anterior  part  of  this 
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tooth  is  as  peculiar  as  the  posterior.  The  external  cusp  gives  origin  to 
three  crests,  two  of  them  the  usual  limbs  of  the  anterior  V  ;  while  a  third 
descends  to  the  anterior  border  a  little  exterior  to  its  middle.  It  encloses 
a  deep  groove  with  the  anterior  ridge  of  the  anterior  V.  This  arrangement 
is  not  seen  in  any  other  species. 

The  inferior  canine  is  robust,  and  has  its  anterior  angle  prominent,  but 
not  alate.  The  crowns  of  the  inferior  incisors  are  regularly  convex  ex- 
teriorly, and  have  no  cingula.    They  are  regularly  graded  in  dimensions. 

The  superior  molar  preserved  is  probably  the  penultimate.  Its 
anterior  portion  is  broken.  The  posterior  external  V  is  narrower 
than  usual  for  a  second  molar,  and  resembles  somewhat  that  of  the 
last  superior  molar  of  the  ManUodon  subquadratus,  A  slight  contact 
face  on  the  posterior  cingulum  shows  that  this  tooth  is  not  the  last 
molar.  The  said  cingulum  extends  to  the  external  base  of  the  V;  in 
rising  to  the  internal  cusp  it  forms  a  sigmoid  curve.  The  cingulum 
below  this,  on  the  inner  base  of  the  crown,  is  rudimental.  The  superior 
canine  has  a  long  and  robust  crown,  with  a  triangular  section  to  tlie  apex. 
The  posterior  face  is  a  little  wider  than  the  other  two,  which  are  equal. 
The  anterior  is  slightly  concave  in  cross-section,  and  the  posterior  slightly 
convex  transversely,  although  concave  longitudinally.  There  is  a  weak 
ridge  nearly  parallel  to  and  near  the  postero-extcrnal  angle,  and  traces  of 
others  on  the  postero-external  face  of  the  crown  in  front  of  this  one.  The 
antero-intemal  angle  is  swollen  at  the  base. 

The  superior  incisors  present  characteristic  features.  The  ridge  of  the 
external  face,  which  is  weakly  developed  in  some  of  the  species,  and  is 
wanting  in  others,  i§  here  represented  by  a  strong  longitudinal  angle, 
which  extends  from  the  base  of  the  crown  to  its  apex,  dividing  the 
external  face  into  two  distinct  planes.  This  character  is  most  marked  on 
the  external  incisor,  where  the  planes  are  sub-equal,  and  concave.  On  the 
second  the  anterior  plane  is  smaller,  and  on  the  Urst  it  is  a  good  deal 
smaller.  These  incisors  have  a  weak  internal  cingulum,  but  no  external  one. 

Measurements.  M. 

Length  of  ramus  from  P-M.  IV  inclusive 257 

**  inferior  true  molars 098 

^.  ^  ^,  »  .   ^      C  anteroposterior 0275 

Diameters  of  M.  I  mfer.  } ,  _^  non 

( transveree 020 

^.  ^  ,,  »Tr  .   /.      (  anteroposterior 036 

Diameters  of  M.  Ill  infer.  ^  ^^^.^^^^ 029 

Depth  of  ramus  at  M.  Ill 075 

^.  ^ ,,  ,,  (anteroposterior 0315 

Diameters  of  M.  II  super.  ^  j^ansvcrse 039 

/  l()n<]jitudiniil . . .  .094 
Diameters  of  crown  of  superior  canine  <  anteroposterior.  .023 

'transverse 034 

Diameters  of  crown  of  I.  ni  |  ^^^^^^^se ^024 
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The  numerous  charncteristic  marks,  show  that  this  species  is  one  of  the 
most  distinct  of  the  genus.  It  is  also  one  of  the  largest,  being  second  only 
to  the  C7.  anax. 

I 

CORYPnODON  MAKGINATrS,  sp.  nOV. 

Tliia  is  one  of  the  smaller  species,  having  nearly  the  dimensions  of  the 
C.  molestua.  It  is  only  represented  by  tlie  superior  canine,  first  inferior 
premolar,  and  last  superior  molar  of  one  individual  found  together  by  Mr. 
Wortman.  Tlieir  si/.e,  mineral  condition  and  degree  of  wear,  render  it 
probable  that  all  belong  to  one  individual. 

The  superior  molar  is  of  the  oval  type,  without  i>08terior  shoulder.  The 
posterior  crest  is  therefore  straight^  and  ptirallel  with  the  anterior  crest 
Its  inner  extremity  does  not  display  the  least  tendency  to  form  a  V,  as  is 
seen  in  C.  elepluintopus.  Its  exterior  extremity  is  widely  separated  from 
the  external  prominence  of  the  anterior  crest  (cingulum).  The  latter  dis- 
plays, at  its  inner  extremity,  the  peculiarity  of  a  deep  fissure  of  the  anterior 
side,  which  nearly  divides  the  crest,  and  partially  isolates  the  intenul 
tubercle.  Adjacent  to  the  fissure  its  crest  is  tuberculate.  Tlie  posterior 
upper  cingulum  descends  from  the  inner  cusp  to  the  basal  cingulum.  The 
basal  cingulum  is  well  developed  on  the  anterior  and  interior  sides  of  the 
crown,  and  on  the  posterior  as  far  as  the  base  of  the  inner  cusp  of  the 
posterior  crest,  where  it  gradually  fades  out.     Enamel  wrinkled. 

The  sup(Tior  canine  is  remarkable  for  its  small  size.  The  posterior  face 
is  a  little  the  widest,  and  its  bounding  edges  are  sharp,  but  not  expanded. 
There  are  no  prominent  ridges  of  the  enamel.  The  anterior  face  is  mode- 
rately wide.     The  first  inferior  premolar  presents  no  peculiarities. 

• 

Afoisurfmcnfs.  M. 

/  anteroposterior 028 

Diameters  of  M.  Ill  superior  ?  transverse 038 

^vertical 019 

Diameters  of  P-m.  I  inferior  \  •""^teroimsterior 015 

t  transverse 009 

Diameters    of    C.     superior  j  ""'•■'•"I'"'''''""'" "'f 

(  transverse  posterior 018 

The  superior  molar  is  but  little?  worn,  and  sliows  that  the  animal  ^** 
just  adult.     The  canine  is  more  worn  than  the  molar. 

There  are  seveml  chanu-ters  which  mark  this  species  as  distinct  frOO 
those  previously  known.  It  is  the  only  member  of  the  genus  which  has 
a  complete  internal  cinjrulum.  TIk*  llssiire  of  tlie  anterior  crest,  if  normal, 
is  i^eculiar  to  this  species.  The  superior  canine  is  disproportionately 
small. 

Hesides  the  Coryphoihnu  already  mentioned,  a  number  of  more  or  less 
complete  skeletons  wen^  obtained,  some  of  which  can  be  identified  by 
coini>ari.«*()n  with  those  which  are  accompanied  by  teeth,  and  which  aw 
enumenited  in  the  preceding  pages. 
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^^ETALOPHODON  TESTIS,   Sp.  nOV. 

• 

The  genus  Jfetalophodon  was  described  by  me  in  1872.*  Since  that 
Utn«.»  \t  has  remained  without  further  illustration  of  importance,  as  no  good 
*P^cimens  of  it  have  been  obtained  by  any  of  my  expeditions  up  to  the 
P^scnt  year.  Thy  material  now  at  hand  consists  of  the  entire  superior 
molar  series  of  the  right  side,  and  the  superior  molars  of  the  left  side,  in 
"dutiful  preservation.  These  display  the  characters  on  which  the  genus 
^^s  proposed,  ♦.  e.,  the  conversion  of  the  posterior  external  V  of  the 
*^^nd  true  molar  into  a  transverse  crest  similar  to  that  of  the  last  true 
'^olar.  It  follows  that  the  first  true  molar  is  the  only  one  which  exhibits 
^his  V.  It  also  follows  that  in  this  genus  the  peculiarities  of  the  dentition 
^f  Corifphadontid<B  ava  carried  further  than  in  Goryphodon,  where  two 
inolarB  display  the  V,  and  one  the  crest ;  or  than  in  Manteodon,  where  all 
^hn?e  have  a  V,  and  none  the  crest.  The  genera  then  stand  in  the  order 
of  evolution,  Manieodon,   Coryphodon,  Metalophodon. 

Char.  $pecif. — ^The  first  superior  premolar  has  lost  its  crown.     The  other 
premolars  do  not  display  any  marked  peculiarities.     The  internal  cusps 
*re  well  developed,  and  are  most  prominent  posterior  to  the  line  of  the 
»p€x  of  the  exterior  crest     Tliey  connect  with  the  posterior  cingulum  by 
»  broad  ledge,  but  do  not  connect  with  the  anterior  cingulum.     The  two 
cingula  nearly  connect  round  the  inner  base  of  the  crown  on  the  third 
premolar. 
The  first  true  molar  is  well  worn.     The  base  of  the  posterior  external 
'Can  be  seen,  and  the  anterior  and  posterior  cingula.    There  is  no  in- 
^<?nial  cingulum.     The.  second  true  molar  is  the  largest  of  the  teeth.     It 
i^»uhtriangular  in  outline,  its  external  side  forming  with  the  posterior,  a 
^i^l  angle.     Its  general  character  is  much  like  that  of  the  Corj'i)hod(mtes, 
"'"ii  p^e^cnts  the  remarkable  exception  which  constitutes  the  chamcter 
I'f the  genus  Mffahphodon.     The  posterior  crest  does  not  include  a  V,  but 
*^Mraii:lit,  and  consists  of  the  same  elements  iis  the  posterior  crest  of  the 
'^inltrue  molars,  but  differently  pn)p()rtion(Ml.     The  part  representing  the 
•Dlerior  V  is  a  cone,  mucli  shorter  than  the  part  corresi)onding  to  the 
P^feridr  V.     As  them  is  a  postero-exterior  angle  of  the  crown  there  is  an. 
*^'liqup  surface  rising  to  this  part  of  the  crest,  which  represents  the  ex- 
IWTial  face  of  the  V.     There  is  also  a  small  tubercle  at  the  angle,  wlu're  a 
wmilar  one  is  found   in  the  corresponding  tooth  of  EcUicinhm  cinctus. 
Altngi'ther  this  tooth  is  like  the  posterior  molar  of  CoryplMdon  elcpJuintopus , 
▼hh  a  m«>re  prominent  iK>stero-external  angle  added.     The  anterior  and 
pwiprior  iKisal  <'ingula  are  well  developed,  the  latter  being  strong  in- 
teriorly to  the  point  where  it  sends  a  branch  upwards  to  the  internal 
ca-p.    There  is  no  internal  cingulum. 

The  last  superior  molar  is  a  transverse  oval,  more  regular  than  usual  in 
the  *pecics  of  Coryphodftn,  since  the  diameters  of  the  internal  and  external 
|»irTJ«>ns  are  almut  equal.     Tlic  characters  of  the  posterior  crest  differ  from 

•rrot-oetliiigs  Amorlcaii  I'lillorj.  Soc.,  1872,  p.  Ttki. 
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those  seen  in  the  genus  named  in  that  the  internal  portion  is  much  smaller 
than  the  external,  having  a  small  conic  apex,  distinct  fh)m  that  of  the 
exterior  portion.  Its  postero-extemal  face  is  nearly  vertical,  and  it 
diverges  a  little  posterior  to  parallel  with  the  anterior  crest.  The  latter 
(the  first  oingulum)  is  elevated,  and  is  widely  separated  externally  from 
the  posterior  crest,  to  whose  base  it  descends  on  the  external  extremity  of 
the  crown.  The  basal  cingulum  is  present  all  round  the  crown  except 
at  the  base  of  the  posterior  crest,  and  externally.  It  is  narrow  on  the 
inner  extremity  of  the  crown.  It  sends  upwards  a  strong  branch  to  the 
apex  of  the  internal  cusp.  The  enamel  of  all  the  molars  is  strongly 
w^rinklcd,  but  is  worn  smooth  wherever  rubbed. 

Measurements.  M. 

Length  of  superior  molar  series 179 

**  premolar  series 085 

^.  -r^       «  f  anteroposterior 019 

Diameters  P-m.  11  <  ^  g^^ 

\  transverse 025 

DiametersM  t  f ^anteroposterior 029 

\  transverse .032 

^.  -  -  __  ( anteroposterior 086 

Diameters  M.  II  -J  ^  i\At%  ' 

\  transverse 043 

r  anteroposterior 0285 

Diameters  M.  HI  <  transverse 041 

(  vertical 015 

Tlic  MeialopJiodon  testis  difTers  from  the  J/",  armatus,  in  the  more 
triangular  fonn  of  its  penultimate  superior  molar.  Its  form  is  quite 
different  fmm  that  of  the  last  molar,  while  in  }f.  armatu*,  the  two  teeth 
resemble  each  other  closely.     The  species  are  of  about  the  same  size. 

The  individual  from  which  the  above  description  is  taken  is  rather  aged. 

DiNOCEKATA. 
BaTHYOPSIS  FTS8TDEN8  CopC. 

Bulletin  U.  S.  Geolojr.  Survey,  Terrs.,  Feb.  IHSI,  194. 

A  considerable  i)art  of  the  dentition  of  the  mandible  of  this  species  was 
found  in  the  Big-Horn  bad  lands.     This  includes  an  incisor  tooth,  which 
is  quite  ehanuteristir,  and  renders  it  probable  that  the  anterior  parts  of  the 
jaws  ditler  considerably  from  those  cjf  olh(?r  Vitittttheriidcp.     The  root  i» 
Bub-round.     The  crown  resembles  a  j^ood  deal  that  of  the  sjMJcies  of  C^^ry- 
phodofitid(F.      It  is  hi«i:her  than  wi«le  and  has  a  subacute  ajiex.     Onecdg^i 
of  the  crown  is  convex,  and  the  other  concave.     The  external  face  isco 
cave  in  both  directions,  and  has  no  rid<;es  nc^r  cingulum.     The  inner  f:». 
is  concave    longitudinally  and  convex  transversely.      The  convexity      * 
median  and  has  a  lonij^itudinal  concavity  on  each  side  of  it.     Xo  interim** 
cingulum  excejU  a  tnice  at  the  base  of  the  concave  edge.     The  edges 
obtuse  even  when  unworn,  and  the  enamel  is  obsoletely  rugulose. 
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^^B  SfMmiremfnts  of  inritor.  M. 

^^B  t  anleroposterior 013 

^H  IKuneUtnorcrowii?  traoSTereo 020 

^H  <  vertical 024 

^H  _.  ,         r  ADteropoatorior 013 

^m  I*»^*^f*'>f"~^l,ra„BTerBe OH 

^H     TbiB  incuoT  18  very  difTprcnt  from  the  kind  aeea  in  Loxoloplmdan.     Mr. 
^HOlbnrtie  bu  shown  thai  ^eniiB  to  have  these  teeth  with  compressed  Ino- 
^V  IdM  crowns,  a  Ijpe  unknown  elsewhere  among  Miimmalia." 
W^  PERIBSODACTYLA. 

I  In  a  paper  on  the  "  homologieo  and  origin  of  the  molar  teeth  of  the 

I  Vtmnuilia  Educ»bilia,"  ptililLshed  in  March,   1674.1  I  ventured  the  geiie- 

I        nllnUon  that  the  primitive  types  of  the  Uugulala  would  be  discovered  lo 

I        It  cliancterixed  hj  tlio  posse!»ion  of  flvc-toed  plnntigredo  feet,  and  tuber- 

I         'HUx  leclh.     No  Perissodactyle  or  Artiodactyle  mammal  waa  known  at 

^^^Itiu  time  to  possess  eucb  feet,   nor  was  any  Periasodactylc  known   to 

^^biMRaB  tubercular  teeth.     Shortly  after  advancing  the  above  hypothesis,  I 

^^V*Covercd  Ibe  foot  structure  of  Coryphodon,  which  is  five-toed  and  plsnti- 

^^H^de.  hut  the  Icutli  arc  not  of  the  tubercular  type.     Fur  this  and  allied 

^^^^era,  I  defined  a  new  order,  the  Amblypoda.  and  I  have  published  the 

^^pnDdeni  anticipntlon  tlial  genera  would  be  discovered  which  should  possess 

^^pWrcuKr  (bunodont)  leelh.    This  prediction  has  not  jet  Ikcd  realized. 

^^B  ^'''■'i  however,  record  a  discovery,  which  goes  for  towards  satisfying  the 

^^^^BenllEatlon  nrst  mentioned,  and  Indicates  that  the  realization  of  the 

^^^Piplwcy  rc«pecting  ttic  AnMypoda,  is  only  a  question  of  time. 

^^^^n  18TS,|  I  described  from  teeth  alone,  a  genus  under  the  name  of 

^^^^'Katodut,  and  although  n  good  many  specimens  of  the  dentition  have 

^'^*^-  Into  my  poscesslon  since  that  dale,  I  have  never  been  able  to  assign 

**'  ^nu«  its  true  position  In  the  mammalian  class.     The  teeth  resemble 

*'**»«  of  suilllne  Ungulates,  but  I  have  never  had  sulHcienl  evidence  to 

'^Itiil  iis  reference  to  that  group.     Allied  genera  recently  discovered  by 

***^i  hare  been  elated  lo  have  a  hog -like  dentition,  but  that  their  position 

^^Id  not  be  delcrmlDed  until  the  structure  of  the  feet  shall  liave  been  as- 

I  In  bli  niccnt  explorations  In  the  Wasatch  Eocene  of  Wyoming.  Mr.  J. 

L      ^  Wortmaji  wa»  fortunate  enough  to  discover  noarly  entire  skeletons  of 

T       '"'natadiir  primittiu*,  and  P.  torlinani.  witich  present  all  the  characters 

^  '-  -iii.il  i<i  A  full  delormioatlon  of  the  place  of  P/ifnaeodu»  in  the  system. 

'  ''    ::  [I  iijioptoil  result  is,   tlint  this  genua  must  be  referred  lo  liie  order 

' i-n-iyia,  and  that  with  lt«  allies,  it  nuisl  form  a  trpecial  division  of 

Il'it  ,  rii-r  cuirespondiog  in  the  tubercular  characters  of  its  tt-eth  with  the 
I      A  HmboIt  nn  £nratepftndon  and  ITtn(iW/»r(iin.    By  H.  Osburnc. 
I>  'onmal  vt  ibo  Aoodcmy  of  Natural  Seleitcti*.  I>hlladel)ihiii. 
LValwrntaioxICKl  Bulletin  !«o.  IT,  Ocl.  unt.  n-i;  also,  Uuport  a.  U.  Wheclar, 
t  •-  KairtnMn  Eipl.  W.  KID  Mer.,  iv,  p.  171— ISI7.  ^m 

1'  ^rocMrilnK*  AiBcv.  I'hllCM.  Society.  ISHi.  |i.  is3.  ^^H 
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bunodont  or  suilline  division  of  the  Artiodactyla.  In  this  character,  how- 
ever, there  is  a  closer  gradation  than  in  the  case  of  the  Artiodactyla,  and  it 
would  scarcely  be  necessary  to  create  such  a  group  on  that  character  alone. 
But  the  genus  differs  further  from  the  Psrissodactyla  and  approaches  the 
Proboscidia,  in  the  fact  that  the  astragalus  articulates  with  the  navicular 
only,  and  by  a  universally  convex  surface,  as  in  the  Camivora. 

The  astragalus  resembles  that  of  the  latter  order  very  closely,  and  difien 
from  that  oi HyracotJierium  and  the  nearest  forms  among  the  BBrinodactyla, 
Phenacodu8  has  moreover  five  well  developed  toes  on  all  the  feet,  and  was 
probably  not  entirely  plantigrade.  The  cast  of  the  brain  case  shows  that 
the  cerebral  hemispheres  were  quite  small  and  nearly  smooth,  and  that  the 
very  large  cerebellum  and  olfactory  lobes  were  entirely  uncovered  by 
thQ^l.  The  bones  of  the  two  carpal  rows  alternate  with  each  other,  and 
there  is  a  large  third  trochanter  of  the  femur.  The  cervical  vertebne  are 
opisthocoelous. 

This  group  is  then  tlic  ancestral  type  of  the  known  PRvisaodactyla,  that 
is  of  the  horses,  tapirs  and  rhinoceroses,  and  of  the  numerous  extinct 
forms.  Its  systematic  position  may  be  schematically  represented  as 
follows : 

Order  Perissodacttla  ;  ungulate  ;  digits  of  unequal  lengths ;  carpal 
bones  alternating ;  a  postglenoid  process.  Astragalus  with  proximal 
trochlea,  and  without  distal  double  ginglymus. 

Suborder  Diplarthra  ;  astragalus  distally  plane  or  concave  in  one  direc- 
tion, and  uniting  with  both  navicular  and  cuboid  bones  ;  a  third  trochanter 
of  the  femur.     The  known  families  belong  here. 

Suborder  Condylarthra ;  astragalus  convex  in  all  directions  distally, 
only  uniting  with  navicular  bone ;  a  third  trochanter  of  femur. 

Family  Ph^nacodontidai.  Molar  teeth  tubercular  ;  the  premolar  teeth 
different  from  the  molars  ;  five  digits  on  all  the  feet. 

Genen\;  Phcnarodus  Cope,  and  very  probably  CotathlmiSt  Anacod/>n  t^ndi 
Protoyonid  ('ope,  and  perhaps  alpo  Anisanchus  Cope.  These  genera  includesrs" 
fifteen  species,  all  from  the  lower  Eocene  beds.    I  gave  a  synopsis  of  thei 
diflerentialdental  characters  in  the  Proceedings  of  the  Philosophical  Society, 
1881,  p.  4S7,  where  I  included  also  the  genus  Mlodfpnus.     I  omit  thelatte 
from  th(?  family  at  present,  as  I  believe  it  to  be  Artiodactyle. 

Phenac oDis  PRTM^vrs  Cope. 

Parts  of  a  dozen  individuals  of  this  species  were  obtained,  and  on 
almost  entire  skeleton  in  a  block  of  soft  sandstone.     This  includes  near! 
all  parts  of  the  four  extremities,  as  well  as  the  skull,  from  which  but  smal 
portions  are  wanting. 

Species  of  this  genus,  so  far  as  determinable  from  the  dentition, 
numerously  represented  in  Mr.  Wortman's  collection.  About  fifty  indivi 
uals  are  referable  to  eight  species.     These  present  a  great  range  in  si 
and  some  diversities  of  sti-ucture.     They  may  be  distinguished  as  follows 
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I-        Xast  inferior  molar  with  oval  outline;  heel  small ;  anterior  inner 
^H8p  simple. 
Size  naedium  ;  length  of  true  molars  .025  ;  depth  of  ramus  at  M.  IT,  .018. 

P.  aptemus, 
*-^      Last  inferior  molar  wedge-shaped,  with  heel  prominent ;   anterior 
inner  cusp  simple, 
^^ge  ;  true  molars  .041  ;  P-m.  IV  .014  ;  depth  of  ramus  at  M.  II,  .027. 

P.  primcBi^us. 

^^^\xm  ;  true  molars  .027  ;  depth  at  M.  II  .017  ;  last  molar  smaller 

P.  vortmani, 
^"^laller ;  true  molars  .022  ;  depth  at  M.  11  .013  ;  last  molar  elongate  ;. . 

P.  inacnrpternus, 
®*>^ller  ;  last  four  molars  .027  ;    P-m.  IV  .007  ;  depth  at  M.  II  .01:^  ;  last 

molar  with  short  heel P.  brarhj/pternus, 

^Oiallest ;  true  molars  .017  ;  depth  at  M.  II  .012  ;  heel  long ;  cusps  ele- 
vated   P.  zuniensis. 

Xll.    Last  inferior  molar  wedge-shaped,  with  prominent  heel ;  anterior 
inner  cusp  double ; 
It ;  last  inferior  molar  .006  ;  heel  narrow  ;  true  molars  (superior)  .016. 

P.  Ia(icU7l€U6, 

Two  other  species  have  been  described,  the  P.  sulcatus,  and  P.  omnitarys 
^•^t>e.    The  former  I  suspect  belongs  to  another  genus.    I  am  not  now 
of  the  distinctness  of  the  latter  from  P.  primcevtts. 

X^HESACODCS  nEMICONUS,  Sp.  UOV. 

Represented  by  the  posterior  two  superior  molars  of  an  individual  in- 

'Tnediate  in  size  between  the  P.  prim^ecus  and  P.  puercctmis.     Tlie  pos- 

5*^^*or  molar  is  peculiar  in  the  very  rudiniental  character  of  the  iK)sturi()r 

^'^^^^mal  lobe,  which  is  reduced  to  a  mere  wart  on  the  cinguUim.     The 

y^^sterior  external  tubercle  is  also  rudimental,  not  exceeding  the  posterior 

^^-^'^er  in  dimensions.     The  anterior  tubercles,  including  the  intenuediate, 

,    *"*^  \*'ell  developed,  the  internal  exceeding  the  external.    The  cinguluni 

.^  >vi<le  and  crehate,  and  is  only  wanting  on  the  external  base  of  the  crown. 

*  **e  penulthnate  molar  does  not  differ  so  much  from  tliat  of  P.  pj'imo'nus, 

^^  the  two  internal  cones  are  not  so  deeply  separated  at  their  base.     The 

^^■•ercles  are  all   but  little  worn,  and  are  conical  in  form,  the  external 

^*ltened  on  the  external  faces.     Enamel  wrinkled. 

Measurements.  M. 

Diameters  of  M.  II  J  <^»^'^m^'^u-rioT 00!) 

( transverse 012 

Diameters  of  M.  Ill  \  an»tT<.,)osteri<>r 010 

c  transverse 0V\ 

Tlif.  {tixe  of  this  species  precludes  the  i>ossibility  of  its  identity  with  any 
^   ^  ^ifj  other  species  described  here. 

**»iKKAr'0DC9  WORTMANI  Cope.    Bulletin  U.  S.  Geol.  Surv.  Terrs,   vi, 
-  ^.  p.  IdO.     UyracothsHum  tortnmniy  American  Xatunilist.  IHsO.  j).  747. 

»*KC)C.  AMEU.  PHIIAM.  80C.  XX.  111.  W.      IMUNTEl)  MAUC'II  K'n   lSb2. 
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Pli^nacodus  putrcensis  Cope.  Proceeds.  Amer.  Philos.  Soc  1881,  p.  492. 

An  abundant  species,  represented  by  twelve  mandibular  rami  in  the 
collection,  and  by  a  nearly  entire  skeleton  with  perfect  skull. 

Phekacodub  apterncs,  sp.  nov. 

Three  rami,  each  of  which  supports  the  true  molar  teeth,  indicate  this 
species.  The  oval  form  of  the  posterior  molar  is  due  to  the  shortness  of 
the  heel,  and  the  large  size  of  the  internal  median  tubercle,  which  pro- 
jects inwards,  giving  a  convex  outline  to  the  interior  side  of  the  crown. 
The  external  tubercles  of  all  the  true  molars  wear  into  crescents  ;  and  the 
anterior  inner  is  more  robust  than  the  posterior  inner. 

Phknacodits  macropternus,  sp.  nov. 

This  species  is  apparently  rare,  being  represented  hy  only  one  man- 
dibular  ramus,  which  supports  the  posterior  three  molars,  and  a  possible 
second  ramus  with  molars  iv  and  v.  The  first  and  second  true  molars 
are  much  like  those  of  P.  vo^rtmani,  but  the  third  is  relatively  larger,  and 
has  an  especially  elongiite  heel.  In  P.  vartmani  the  last  molar  is  con- 
stricted, and  narrower  than  the  penultimate.  In  P.  macropterntu  there 
is  a  weak  external,  and  no  internal  cingulum.  The  tubercles  of  the  last 
two  molars  arc  quite  regularly  conical,  while  the  external  pair  of  the  first 
molar,  wear  into  crescents.     Smaller  than  the  P.  vartmani, 

Phenacodus  bracuypternus,  sp.  nov. 

Throe  mandibular  rami  are  the  only  specimens  of  this  species  found  by 
Mr.  Wortnian  in  the  Big-TIorn  region.  Thm*  all  display  the  fourth  pre- 
molar, whif'li  has  the  characters  of  this  genus,  as  distinguished  from 
MiocJa-nvn.  The  s])ccies  is  niatorially  smaller  than  the  P.  rortmani,  and 
its  last  inferior  molar  is  intermediate  between  those  of  the  latter  and  the 
P.  aptcrtiu^,  in  form.  Roth  the  internal  and  external  intermediate  tuber- 
eles  are  very  full,  and  give  the  tooth  posterior  width.  The  posterior  or 
fifth  tubercle  is  large,  and  gives  the  posterior  outline  of  the  crown  a  tri- 
foliate form.  The  posterior  median  tubercles  of  the  M.  II  and  I,  are  well 
marked.  The  molars  gnidually  increase  in  size  forwards,  and  the  fourth 
premolar  is  longer  than  any  of  them,  and  rather  narrow.  The  heel  of  the 
P-m.  Ill  is  short  and  wide.  On  the  true  molars  a  weak  external  cingu- 
lum.    Knaniel  slightly  wrinkled. 

PnKNV('()i>rs  zrNiENSis  Cope.  Proceeds.  Amer.  Philosoph.  Society, 
1881,  p.  402. 

>Ir.  Wortnian  obtained  eleven  mandibular  nimi  of  this  species,  in  only 
one  of  which  are  the  premolars  preserved.  Ex(*epting  the  P.  latirunettn, 
this  is  the  snuillest  species  of  the  genus.  The  molars  have  much  the  ap- 
pearance of  those  of  the  Mesfnlont  genus  Jfi/ffpaodatt,  but  may  be  dis- 
tinguished by  the  size  of  the  i)osterior  median  tubercle.  The  second 
true  molar  is  the  wi«lest  tooth,  and  the  last  molar  is  rather  elongate,  and 
its  cusps  are  not  exactly  opjwsite  to  each  other.     The  cusps  of  the  molars 
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are  more  elevated  than  in  the  other  species,  and  those  of  the  external  side 
all  have  a  distinctly  crescentic  section.    The  anterior  inner  cusp  is  narrow 
and  simple.     There  is  no  cingulum  of  any  kind. 
This  species  was  originally  described  from  New  Mexican  specimens. 

Phknacodus  laticuneus,  sp.  nov. 

This  is  the  least  species,  and  is  represented  by  six  superior  molars  and 
the  last  inferior  molar  in  a  fragment  of  the  lower  jaw^.  The  latter  tooth 
exhibits  peculiar  characters  already  mentioned.  The  superior  molars 
differ  from  those  known  to  belong  to  the  P.  primcnuti  and  P.  pucrc^nsis  in 
having  a  vertical  fissure  of  the  inner  side  whicli  separates  the  bases  of  the 
two  internal  tubercles.  This  gives  them  some  resemblance  to  the  superior 
molars  of  the  species  of  Anisonchv4i,  but  the  important  difference  remains 
in  the  separation  of  the  anterior  inner  tubercle  from  the  intermediate 
tubercles.     The  three  are  confluent  into  a  V  in  the  genus  last  mentioned. 

The  external  cusps  of  the  superior  molars  are  rather  acute,  and  lenticular 
in  section,  their  external  sides  forming  a  convex  rib.  There  is  no  rib 
between  the  external  sides.  There  is  a  strong,  anterior  cingulum,  whicli 
terminates  externally  in  a  low  angular  cusp.  There  is  no  cingulum  on 
any  other  part  of  the  crown.  The  second,  third  and  fourth  premolars  have 
two  external  cusps,  and  much  resemble  the  corresponding  teeth  in  Hyraco- 
tTurium.  The  second  is  longer  than  wide,  and  has  an  internal  ledge  ;  the 
third  is  as  wide  as  long  and  has  a  wide  internal  ledge  ;  the  fourth  is  wider 
than  long  and  has  an  internal,  and  two  intermediate  cusps,  and  an  anterior 
and  posterior  cingulum.  They  all  have  a  weak  external  cingulum,  of 
which  a  trace  exists  in  the  true  molars. 

The  last  inferior  molar  has  a  double  anterior  inner  cusp  as  in  some 

Mesodonia,  and  the  external  anterior  cusp  is  robust.     All  the  cusps  are 

conical  and  with  round  section,  and  their  bases  arc  close  together.     The 

outline  of  the  base  of  the  crown  is  almost  an  isosceles  triangle  with  rather 

wide  base  in  front. 

Mensurements.  M. 

Length  of  last  six  superior  molars 0350 

true  molars 01«0 

_ .  ^  --.  -_.  I  anteroposterior 0055 

Diameters  of  M.  IIV  ^  ^^^^ 

1  transverse 0080 

Long  diameter  base  of  P-m.  II 0050 

-^.        ^       „        „T  r^^nteroposterior CK)60 

Diameters  P-m.  Ill .  ^  ^_,,^ 

( transverse 00(»0 

AxACODON  URSiDESS,  gcn.  ct  sp.  nov. 

Char.  gen.  Known  only  from  mandibles  supporting  molar  teeth.  Prob- 
ably family  Phenacodontidee.  Last  inferior  molar  with  heel.  Crowns  of 
molars  without  distinct  cusps,  but  with  a  superior  surface  consisting  of 
two  low  transverse  ridges  sefmrated  by  a  shallow  valley.  Unworn  grind- 
ing surface  with  shallow  wrinkles.     Perhaps  only  three  premolars. 
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Char,  specif.  Broken  mandibular  rami  of  two  individuals  constitute 
the  basis  of  my  knowledge  of  this  species.  It  is  of  the  size  of  the  JPheiui' 
codus  prirndfcui.  The  last  inferior  molar  is  wedge-shaped  with  the  very 
obtuse  apex  posterior.  It  displays  two  slight  transverse  elevations  anterior- 
ly which  represent  the  usual  cusps.  Grinding  surface  generally  nearly 
flat.  Tlie  posterior  half  of  the  crown  of  the  penultimate  molar  is  flat,  and 
is  separated  from  the  anterior  half  by  a  transverse  groove.  Its  surface  is 
marked  by  shallow  branching  grooves. 

The  molar  preceding  this  one  in  the  broken  specimen  is  probably  the 
flrst.  It  is  possible  from  its  slightly  worn  condition  that  it  is  the  fourth 
premolar,  but  the  form  is  that  of  a  true  molar.  The  surface  of  the  crown 
is  marked  by  shallow  grooves  not  verj-  closely  placed.  The  three  prcmolai 
teeth  in  advance  of  this  tooth  are  broken  off.  Their  bases  arc  narrow. 
There  are  no  basal  cingula  on  the  molars. 

Measure  nients.  M. 

Length  of  posterior  true  molars 033 

>^.  .  _  _  „^  r  anteroposterior 015 

Diameters  of  M.  Ill  <  .  ^-ia 

I.  transverse 010 

_.  .--  „  ^  f  anteroposterior 015 

Diameters  of  M.  ?  I  v'  ^^  ^ 

\  transverse Oil 

Depth  of  ramus  at  M.  II 030 

The  characters  of  the  teeth  of  this  species  are  something  like  that  of 
some  of  the  Ptiheochceri  of  the  Miocene,  and  resemble  more  those  seen  in 
some  of  the  bears. 

Oligotomus  osBOUNiAxrs,  sp.  nov. 

Char.  gen.  Dental  formula  ;  I.  ?,  C.  ?,  P-in.  ?  J ;  M.  J.  External  faces 
of  external  lobes  of  superior  molars  separated  by  a  ridge  ;  anterior  ex- 
ternal cusp  of  cingulum  little  developed.  Premolars  of  superior  series 
different  from  true  molars,  with  only  one  internal  lobe.  Fourth  inferior 
premolar  !r»imilar  to  the  true  molars.  Cusps  of  inferior  molars  connected 
by  diagonal  ridges  forming  Vs.  A  diastema  in  front  of  the  second  pre- 
molar. 

This  genus  is  a  good  deal  like  Lainhdolherium,  so  far  as  known.  Its 
superior  molars  are  much  like  those  of  Aeoefmus,  and  their  intermediate 
and  internal  tubercles  are  those  of  Ilyrncotherinm. 

The  two  or  thn?e  .'^ju'cics  known  to  me  are  of  small  size. 

Chtir.  spec.  The  true  molars  of  both  maxillary  bones,  with  the  fourth 
premolar  of  one  side  are  preserved  more  or  less  perfectly,  with  four  in- 
ferior molars  on  two  fragments  of  the  lower  jaw. 

The  external  tubercles  of  the  superior  molars  are  nearly  erect,  and  have 
a  lenticular  section.  The  rib  which  separates  their  external  faces  is 
prominent,  and  ttTininates  in  a  free  ap(^\.  The  base  of  each  face  is  marked 
by  a  .strong  cingulum,  but  the  posterior  one  is  very  short.  There  is  a  strong 
anterior  basal  cingulum,  but  no  posterior  or  internal  one.  The  anterior 
inner  tubercle  is  larger  than  the  poi>lerior.     The  intermediate  tubercles  are 


IW.]  183  [Cope. 

sab-round,  and  arc  anterior  to  the  transverse  line  of  the  interior  ones, 
rriiey  do  not  join  the  latter  excepting  aftei'very  considerable  wear.  The 
external  anterior  ciugular  cusp  is  rather  more  prominent  on  tlie  ilrst  than 
on  the  second  true  molar.  The  fourth  superior  j)remolar  has  a  well  marked 
c^xternal  anterior  cingular  cusp,  whicli  is,  however,  low  ;  and  there  is  no 
ridge  dividing  the  external  faces  of  the  external  cusps.  The  single  inner 
ousp  is  connected  with  the  two  external  by  two  ridges,  which  diverge  as 
they  extend  outwards.  The  anterior  supports  a  tubercle  close  within  tho 
Anterior  external.  There  are  strong  anterior  and  x)osterior  basal  cingula 
and  weak  external  and  internal  ones. 

The  thinl  inferior  premolar  has  a  compressed  ridge  on  the  heel.  Th& 
fourth  premolar  is  like  a  true  molar,  whh  the  anterior  inner  cusp  well  de- 
veloped and  elevated,  and  connected  with  the  anterior  and  posterior  ex- 
teraal  by  oblique  ridges.  The  inner  posterior  cusp  is  less  conic  in  form 
thzin  in  the  true  molars,  and  the  entire  crown  is  somewhat  contracted 
anteriorly.  The  true  molars  are  chanicterized  by  the  presence  of  a  small 
median  tubercle  on  the  posterior  border.  Tliere  is  a  low  external  Imsal 
cin  i^Tilum,  which  is  wanting  opposite  the  posterior  cusp.  Enamel  generally 

smooth. 

Measurements.  M. 

Length  of  superior  true  molar  series 0210 

TN.       ^         -  .     -»r  TT  f  anteroposterior 0080 

Diameters  of  superior  M.  II  {  *  .^^ 

^  I  transverse 0097 

-,.       ^         -^       ^_  f  anteroposterior 0085 

Diameters  of  P-m.  IV  -;'  ^o- 

\  transverse 008.> 

Length  from  inferior  P-m.  Ill  to  M.  II  inclusive 0200 

Tvi  ^^        ___  r  ant^Topostcrior 0080 

Diameters  of  P-m.  IV  •;  ^  ^.^^ 

( tninsverse (nuiO 

TN.        .         «  .   ^    .      vr  TT  f  anteroposterior 0075 

Diameters  of  infenor  M.  II-'  '  ^„,,,, 

I  transverse 00(50 

Depth  of  ramus  batween  P-m.  Ill  and  P-m.  IV 0150 

A.H  Compared  with  tjie  0.  cinetus,*  this  si)ecies  dittVrs  in  its  superior 

^^mi^nsions.     The  anterior  inner  cusp  of  the  inferior  molars  is  prolwhly 

*^*'^/^^^.  though  the  slightly  worn  condition  of  thosi;  teeth  renders  this 

i^^iTit  a  litth'  uncertain.     In  0.  rinrUfs  some  of  tlieiu  at  least  are  double. 
Ti  * 
*  '**s  species  was,  to  judge  from  the  size  of  its  teeth,  about  the  size  of  a 

rod    €* 

-'<»-X.     The  specimens  of  it  above  described  were  found  by  Mr.  J.  L., 

^**^nian  in  the  bad  lands  of  the  Big-llorn  river,  Wyoming.     It  is  dedi- 

*^  ^*^  to  my  friend,  Henry  L.  Osborne,  of  Printvton  College,  New  Jersey. 

'  '^^'''TKMODON  TAPiiiiNUS  Copc.      American  Xatunilist,  1881,  p.  1018. 

'yfacotherium  tapirinum  Coi)e.     Systematic  Cataloiijue  of  the   Eocene 
^^'^^'^^mta  of  Xew   Mexico,  1875,  \\  20.     Report  V.  8.  Geol.  Surv.  W.  of 
^]J^  nier.  Capt.  G.  M.  AVheeler,  iv.  ii.  p.  2r,:j.  PI.  Ixvi.  figs.  12-H5. 

his  species  was  at)undant   in  Wyoming   during  the  Wasatcli   epoch, 
*     *  and  teeth  of  more  than  twenty  individuals  having  l»een  brought  by 

'^'imial  Kept.  U.  8.  Geol.  Survey  Teir.H.  lS7i,  p.  W»7. 
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Mr.  Wortman  tVom  the  Big-JIorn.  From  theso  I  learn  that  the  dental 
Bystem  is  different  from  that  characterizing  the  species  of  ^racotherium. 
There  is  no  diaslema  posterior  to  tlie  superior  canine,  while  in  the  latter 
genus  there  arc  two.  Anterior  to  the  canine  there  is  a  considerable  one 
in  the  Hyracotherium.  This  part  is  not  preserved  in  any  of  the  specimens 
of  S.  tapirinum.  The  characters  mentioned  have  induced  me  to  separate 
the  latter  as  type  of  a  distinct  genus,  SysUfnodon.  An  examination  of  the 
figures  and  descriptions  given  by  Dr.  Lcmoine  of  his  PachynolaphuB 
gaudryi  found  by  him  in  the  neighborhood  of  Reims,  shows  that  it  •belongs 
to  tlie  genus  Uyracotherium.  It  is  therefore  distinct  from  either  of  the 
species  of  Systernodon,  and  is  to  be  compared  with  the  ff,  eraapedotum  of 
the  Wind  River  country,  with  which  it  agrees  in  size. 

Systemodon  semihians,  sp.  nov. 

This  species  was  also  abundant  in  the  Big-Horn  region,  jaws  and  teeth 
of  sixteen  individuals  having  been  obtained.  Its  dimensions  are  a  little 
smaller  than  those  of  the  S.  tapirinus,  especially  as  to  the  premolar  teeth. 
There  is  also  a  short  postC4ininc  diastema,  which  is  not  seen  in  the  S, 
tapirinvs. 

The  proi>ortions  of  the  maxillary  series  are  represented  by  a  left  max- 
illary and  prcmaxillary  bone,  with  all  the  teeth  in  place,  but  the  crownB 
lost  from  the  first  i)remolar  anteriorl3'.  The  crowns  of  the  true  molars  are 
somewhat  worn,  so  I  confine  the  description  of  these  to  the  premolars. 
The  third  and  fourth  have  considerable  transverse  extent,  the  latter  being 
wider  than  lonjc-  The  second  has  scarcely  any  internal  tubercle,  but 
only  a  low  postcro-internal  hool.  The  internal  tubercle  of  this  tooth 
is  lart^e  in  *S.  tapirinum.  The  (Town  has  two  cusps,  the  posterior  lower. 
The  last  two  premolars*  have  two  external  cusps  close  together.  They 
have  also  an  anterior  external  clnjiular  lobe,  as  in  the  true  molars. 
There  is  a  posterior  external  basal  lobe  in  the  third  premolar,  but  none 
or  a  rudiment  on  the  fourth.  No  internal  cin^ulum  on  the  premolars. 
The  superior  true  molars,  although  worn,  show  a  prominent  anterior 
external  basal  lobe,  and  no  complete  internal  oingulum  The  base  of  the 
crown  of  the  first  premolar  is  narrow  antero-posteriorly,  and  it  has  two 
nmts  as  in  S.  tapinuui^.  It  is  in  close  contact  with  the  second  premolar, 
and  is  separated  from  the  base  of  the  canine  by  a  space  a  little  less  than 
its  own  antoroiM)sterior  ilianieter,  and  less  than  the  diameter  of  the 
canin<'.  Tiie  base  of  the  crown  of  the  latter  shows  that  it  is  not  a  large 
tooth,  and  has  a  wide  lenticular  sec^lion.  The  base  of  the  external  iucisor 
is  rather  large,  and  is  coinj^ressed. 

Mi(iHnrctn€ntn  of  suptrior  teeth..  M. 

Total  lenixth  of  superior  series 0720 

•♦molar         •*      0310 

'*       "premolar"      0250 

D.  .    ,  «        .      ^anteroposterior 0055 

lameters  base  of  canine  I  * 

i  tnmsverse 0040 
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MeatUT&menU  of  superior  teeth.  M. 

Length  of  base  of  P-m.  1 0040 

Diameters  P-m.  HI  I  anteroposterior 0070 

I  transverse 0078 

Diameters  P-m.  IV  |  anteroposterior 0070 

I  transverse 0090 

Diameters  M.  Ill  \  anteroposterior 0100 

( transverse 0125 

Some  superior  molars  in  better  condition  than  those  last  described,  ex- 
hibit the  following  characters.  The  intermediate  tubercles  are  fused  with 
the  internal,  forming  a  continuous  cross  crest,  but  their  apices  are  dis- 
tinguishable. The  external  cusps  are  subconical  and  are  well  separated. 
The  anterior  and  posterior  cingula  are  strong,  the  external  is  weaker,  and 
it  is  wanting  from  the  posterior  part  of  the  internal  base  of  the  crown. 

A  portion  of  a  mandibular  ramus,  supporting  six  molars,  presents  the 
following  characters.  The  teeth  are  a  little  smaller  than  those  of  8. 
tapiriniu,  the  reduction  being  especially  visible  in  the  prem9lars.  The 
cones  of  the  crowns  are  more  distinctly  scpamted  by  notches  than  in  that 
species,  and  are  quite  distinctly  conic.  The  anterior  ledge  of  the  true 
molars  is  distinct,  and  there  is  a  median  posterior  tubercle  of  the  first  two, 
whichr  is  represented  by  the  wide  crenate -edged  heel  of  the  third  true 
molar.  The  anterior-internal  cusps  of  the  last  two  molars  is  double  or 
bilobed  ;  that  of  the  first  is  last.  The  anterior  cones  of  the  fourth  pre- 
molar are  subequal,  and  the  posterior  external  cone  is  elevated.  There  is 
a  trace  of  the  posterior  internal.  There  is  also  an  anterior  ledge.  The 
heel  of  the  third  premolar  rises  to  a  median  blade  and  posterior  cusp. 
The  anterior  cusp  is  elevated  and  compressed,  and  supports  a  small  in- 
ternal lateral  cusp.  The  base  of  the  crown  of  the  third  premolar  is 
elongate.  All  the  teeth  are  rather  compressed,  and  there  is  only  a 
trace  of  an  external  cingulum. 

Tlie  ramus  is  compressed  and  moderately  deep.  The  dental  foramen 
is  large,  and  its  superior  border  is  on  a  level  with  the  posterior  base  of  the 
crown  of  the  third  true  molar.  Its  inferior  base  is  in  line  with  the  base  of 
tlie  crown  of  the  second  true  molar. 

Me-asurernent^  of  mandible..  M. 

Length  of  last  six  molars 0580 

true  molars 0310 

/  anteroposterior 0()fJ5 

Diameters  third  premolar  <  transverse 0040 

(  vertical 0052 

/  anteroposterior 0092 

Diameters  second  true  molar  /  transverse 0000 

(  vertical 0002 

Diameters  third  true  molars  '  anteroposterior 0120 

( transverse 0000 

Depth  of  ramus  at  P-m.  Ill 0170 

Depth  of  ramus  at  front  of  M.  Ill 0220 
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The  nearest  ally  of  this  species  outside  of  the  geotrs  Syttemodon  »  prob- 
ably the  nyracotherium  eraspedotum  Cope.  This  species  was  brought 
from  the  Wind  River  had  lands,  and  does  not  occur  id  the  Big-Hom  col- 
lection. It  is  about  the  size  of  the  ^S'.  semikicnM,  but  is  a  tine  Ifyrae^iheri- 
ttm,  with  a  diastema  behind  the  first  premolar.  Tlie  strong  cingulunk 
which  characterizes  it  is  not  found  in  the  &  $4mih£an8,  axMl  the  mferior 
molars  are  wider  and  more  robust. 

IIyRACOTHKRIUM  CRA8PED0TUM  Cope. 

Bulletin  U.  S.  Geol.  Survey,  Terrs.»  1881,.  p.  199.  AmericsD  Natural- 
ist, 1880,  747. 

The  dentition  of  this  species  is  in  it5  dimensions  and  proportions  inter- 
mediate between  the  two  species  of  St/stemodon.  Its  three  premolars 
equal  four  of  those  of  the  S.  semihmu$^  while  the  molars  oC  tbe  two 
species  are  about  equal. 

A  s]>ecimen  having  the  proportions  of  the  H,  rm»pedc€um  was  fomid  by 
Mr,  AVortman  on  the  Big-IIorn,  but  unfortnnately  it  does  not  exhfbit  the 
characteristic  cingula  of  the  two  dentnl  series.  The  second  superior  pre- 
molar, like  that  of  Sy*temo<hm  Hetet^n'Hn»  has  no  internal  tabercTe.  It  is 
not  certain  whether  there  is  any  diasts-ma  posterior  to  tbe  first  superior  pre- 
molar. I  therefore  cannot  yet  ase^-rtain  whtiher  this  specimen  represents 
an  undesiTilxHl  species  of  SyHtenwdon,  or  Hymeotfitermvi,  or  a  strong  variety 
of  the  11.  crunjH'dotnm.  Tlie  aoconipftnyrngr  inferior  true  m(')Tar8  are  inter- 
mediate in  size  between  those  of  the  latter  spei'ies  and  the  I/.  ^a$atHtn9f, 

IIykaoothkuh  M  yasacciknsf:  Cope. 

This  s]HM'ies  ditlVrs  from  the  //  nntirofnvfti  in  it*?  deep  msindib  alar  ramus. 
A  siiiixlc  spiM  iiiu'ii  I'rcMu  the  Hi'^-IIurn  i>reseiiiii  the  same  i)roi)ortiiMis.  The 
l><)st«.'ri<>r  inlVrior  molar  is  rather  short. 

HyUACOTHKUH.M    VKNTICOLIM  CVlpC. 

Bulletin  r.  S.  (;enl.  Survey,  Terrs,.  lf=<Sl,  -[^S. 

Fifteen  intlividuals  of  this  sjie^ies  are  meliuled  hi  the  coTTections, 

HYUACOTHKHir.M  ANdl'STIDLTTS  Cn\ie, 

This  was  a  v<My  ahuinhmt  siK-cits.  Mr.  Wortrnan's  collection  contains? 
jaws  and  teeth  of  twenty  in^Iiriduals  «iutli('iently  well  pn-serveil  for 
identitiealion,  and  a  larire  nunilior  of  other  piert-s  of  jaws,  etc.,  wiriclk  may 
be  reas<»nal>ly  infenx'd  to  beloiiir  here. 

In  my  n-pori  on  the  Wind  Kiv<?r  eollertion"*,  I  noticed  three  varirtfe^  of 
this  si>e<'ies,  which  difTer  in  the  depths  of  the  nuniis  at  the  line  of  junction 
of  the  toiirth  and  tlfth  molars.  Tli>e  ruTnf)«i>  art-  V2,  14,  and  IrS.S*  mm. 
re-peetively.  The  lengths  of  the-  lirst  triu- molar  also  vary  from  7  to  «.5 
an<l  7.."i  mm.  res])eeti\ely.  The  fjist  true  molar  mr-asurts  in  all  10.0  mm. 
Tin*  majority  of  the  Hiir-Horn  .specimens  airree  -with  the  second  variet}', 
but  two  others  <K'enr,  one  a  litrft^  smaller.  muX  the  «'>thera  little  larger 
than  the  averaire.     The  former  measures  ;    length  of  last  molar  .0090  ;    of 

*  liiilJetiii  U.  S.  Geol.  .Survey  Tvnrs.vl,  18«jl,  p.  !»:. 
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first  molar  .0067  ;  depth  of  ramus  at  M.  I,  .0120.  The  dimensions  of  the 
larger  variety  are  :  length  of  M.  iii,  .110 ;  of  M.  i,  .0067  ;  depth  ramus 
.0165.  The  New  Mexican  forms  originally  described,  exhibit  combinations 
of  several  of  these  measurements. 

Pachynolophus  ventobum  Cope. 

Bulletin  U.  S.  Geol.  Surv.  Terrs.,  1881,  p.  197.  American  Naturalist, 
1880.  p.  747. 

One  mandibular  ramus. 

Pachynolophus  posticus,  sp.  no  v. 

Both  rami  of  a  mandible  represent  this  large  species.  They  are  somewhat 
injured,  and  the  crowns  of  five  of  the  molars  only  can  be  distinctly  seen. 
The  latter  disphiy  the  characters  seen  in  the  P.  v&ntarum  and  other  species 
of  the  genus.  The  transverse  crests  are  well  characterized,  and  the  valley 
between  them  uninterruptecl.  They  are  closed  at  the  inner  extremity  by 
a  low  ridge  nearly  at  right-angles  with  the  cross  crest  posterior  to  them, 
as  in  the  species  of  Rhinoeerus.  The  anterior  of  these  bounds  an  anterior 
ledge,  which  is  quite  large  on  the  last  true  molar.  The  latter  has  a  rather 
narrow,  but  prominent  heel,  which  rises  posteriorly.  The  fourth  premolar 
has  an  anterior  ledge,  and  wide  heel  with  a  diagonal  crest  which  is  median 
in  fn>nt.  The  third  premolar  is  similar,  but  smaller.  The  only  cingulum 
is  seen  on  the  anterior  part  of  the  external  side  of  all  the  tnie  molars. 

Measurements.  M. 

Length  of  crowns  of  posterior  six  molars 0700 

truemolars 0440 

^.       ,        ^        .    f  anteroposterior 0095 

Diameters  P-m.  w  I  ^  r^r,r. 

\  transverse 0070 

^.  „  ..  f  anteroposterior 0130 

Diameters  M.  \i{  ,^„^„^^^  nAo«c 

( transverse UUiio 

^.  ^,   ...  (  anteroposterior 0180 

Diameters  M.  in  <  .  *    •    i  nnna 

)  transverse  anteriorly 0092 

Depth  ramus  at  P-m.  ii 0280 

M.  ii 0310 

ARTIODACTYLA. 

MrOCLiENUS  BRACHY8TOMU8,  Sp.  UOV. 

Ch/ir.  gen.  The  typical  specimen  of  this  species  is  represented  by  all 
the  molar  dentition  of  both  jaws  excepting  the  anterior  three  superior  pre- 
molars. It  also  includes  pelvis,  femur,  the  distal  parts  of  the  tibia  and 
fibula,  the  entire  taraus  and  the  proximal  portion  of  the  metatarsus. 

The  dental  characters  conform  precisely  to  those  of  the  other  species  of 
Mu>clfmvs.  There  is  but  one  internal  cusp  of  the  superior  true  molars, 
and  the  intermediate  tubercles  are  present.  The  fourth  premolar  has  one 
external  and  one  internal  lobe.  The  inferior  premolars  have  simple  crowns 
without  interior  cusps  or  tubercles. 

PROC.  AMRR.  PHIL08.  BOC.  XX.  111.  X.      PRINTED  APRIL  4,  1882, 
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The  characters  of  tlic  tarsus  arc  of  much  interest,  and  demonstrate  that 
Mioclmnus  is  the  oldest  type  of  artiodactyle  yet  discovered,  and  that  it  is 
not  altogether  primitive  in  some  of  its  characters.  Members  of  this  order 
have  been  found  by  Cuvier  in  the  ui)pcr  Eocene  {Dichobune,  AnoplotAerium, 
etc.),  but  none  have  been  detennined  as  yet  from  the  Suessonian  of 
America.  A  species  represented  by  teeth  from  the  Siderolithic  beds  of 
Switzerland  have  been  referred  to  Dichobunc  (C.  campichii  Pict.)  ; 
but  dental  chamcters  alone  are  not  suflicient  to  distinguish  that  genus 
from  Phenacodontida*.  Dr.  Lemoine  found  astragali  of  a  small  Artiodactyle 
in  the  Suessonian  of  Rehns,  and  has  referred  them  to  his  supposed  Siiil- 
line  Lophior/mrua  pvroni.  I  have  reported  an  astragalus  from  the  Wind 
River  fonnation  of  Wyoming  Territory,  which  is  almost  exactly  similar  to 
those  found  by  Lemoine.  The  si>ecimen  now  described,  enables  me  to 
characteri/.(;  with  some  degree  of  completeness  this  interesting  form,  which 
precedes  in  time  all  the  known  American  Artiodactyla, 

The  characters  of  the  tarsus  are  typically  those  of  the  order  Artiodactjfla. 
The  astragalus  exhibits  a  distal  trochlea  which  Ls  continuous  with  the 
sustentaeular  facet,  and  which  articulates  with  both  cuboid  and  navicular. 
The  distal  portion  of  the  libula  is  free  from  the  tibia,  and  its  shaft  becomes 
very  slender.  It  is  possible  that  a  more  perfect  specimen  would  dis- 
play it  as  continuous.  Its  distal  extremity  articulates  with  the  a<(ccnding 
tuberosity'  of  the  e.ilcaneum.  The  cuboid  facet  of  the  latter  is  narrow.  The 
cuboid  and  navicular  bones  are  distinct  from  each  other  and  from  the 
ouneifornis.  The  mesocuneifonii  is  shorter  than  the  ectocuneiforin,  and 
is  rooHnfJiid  icith  if.  There  are  probably  four  metatarsals.  The  median 
pair  are  distinct,  but  apj^resscd.  their  section  together,  sub-circular.  The 
lateral  uu^tatarsals  are  slender,  the  external  one  is  wanting,  but  its  facet 
on  the  cuboid  bone  is  very  small. 

These  characters  are  in  general  similar  to  those  of  the  genus  Dirhobiiuf. 
but  Cuvierf  does  not  state  whether  the  cuneiforms  are  coossilied  in  that 
genus  or  not.  They  are  united  in  Anoplotherinm.it  MiocUenns  diflfers 
from  Dirhohinw  in  the  presence  of  but  one  internal  tubercle  of  the  superior 
molars,  and  in  the  single  external  tubercle  of  the  superior  premolars.  Both 
genera  are  referable  to  a  family  to  be  distinguished  from  the  Anoploth^riida 
by  the  presence  of  the  external  digits.  ''Hiis  has  been  already  named  by 
Gill  the  Do'fiohunidti. 

Ch^tr.  Hjurt'f.  The  bones  an?  about  two  thirds  the  size  of  those  of  the 
Javan  niusk-deer  {TnKjnluA  jmnnii'UH).  The  transverse  extent  of  the 
superior  true  molars  is  greater  than  the  anteroposterior.  The  comix>sition 
of  tlu;  last  molar  is  like  that  of  the  others.  The  external  tubercles  are 
lenticular  in  section  and  the  emargination  which  separates  them  is  ap- 
parent on  the  external  face  of  the  crown.  The  intermediate  tubercles  are 
small,  and  are  entirely  distinct  from  the  large  external  tubercle.     There 

♦See  American  Nutiiralist,  ISSI.  Dect'nilx'r. 

t  Ossemena  FosHiU»M,  v,  p.  1S3. 

tGuudry  KnchuiiuMiu*nt8  d.  Kognc  Anlniat,  p.  147. 
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is  a  distinct  cingulum  whicli  is  only  wanting  from  the  inner  base  of  the 
crown.  The  fourth  superior  premolar  has  a  trilobate  outline  of  the  base 
of  the  crown,  the  base  of  the  inner  lobe  being  contracted  where  it  joins 
the  external  part  of  the  crown.  Tlie  internal  tubercle  is  conic,  with  a 
prolongation  outwards  and  forwards.  Intermediate  tubercle  not  distinct. 
External,  anterior,  and  posterior  cingula. 

In  the  inferior  true  molars  the  external  tubercles  wear  into  crescents. 
The  crowns  increase  in  size  posteriorly,  which  is  the  reverse  of  the  order 
of  enlargement  in  some  of  the  other  species  of  the  genus.  The  fiflh 
tubercle  of  the  last  molar  is  rather  small,  but  is  well  distinguished  from 
the  other  cusps.  The  internal  median  cusp  is  small,  the  external  median, 
large.  The  premolars  are  not  so  much  larger  than  the  true  molars  in  this 
as  in  the  typical  species  of  the  genus.  The  second  and  third  are  more 
elongate  on  the  base  than  the  fourth.  The  latter  is  also  less  compressed 
than  those  that  precede  it.  It  lias  a  short  wide  heel,  and  a  small  anterior 
basal  tubercle.  In  the  second  and  third  premolars  the  posterior  edge  of 
the  principal  cusp  is  sharp,  and  descends  gradually  to  the  posterior  base  of 
the  crown.  Both  have  small  acute  anterior  basal  tubercles.  The  first 
inferior  premolar  is  one-rooted,  and  has  a  simple  crown  directed  some- 
what forwards.  It  is  separated  from  the  second  by  a  short  space.  The 
teeth  anterior  to  this  point  are  lost. 

Measurements.  M. 

Length  posterior  four  sup9rior  molars 0182 

Diameters  P-m.  IV  |  anteroposterior 0040 

I  transverse iH)42 

Diameters  M.  H  (  anteroposterior 0048 

i>  transverse 0060 

Diameters  3*1.  Ill  [  anteroposterior 0040 

I  transverse 0060 

Length  of  inferior  molars 0380 

**        premolars 0192 

r-m.   Ill 0055 

P-m.  IV 0045 

Diameters  M.  I.  ■[  anteroposterior 0040 

l  transverse 0033 

Diameters  M.  Ill  {  """'■■"IK'sterior 00.W 

'^  transverse 0040 

Depth  of  ramus  at  P-m.  1 0047 

M.  II 0090 

Length  of  astragalus 0102 

Width  of  trochlea  behind 0048 

Diameters  of  cuboid  I  l^"f,^- ;•••••; ^[| 

I  width  of  middle 0040 

MiOCL.BNUS  ETSAGICU8,  Sp.  nOV. 

This,  the  largest  species  of  the  genus,  is  represented  by  the  two  rami  of 
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a  mandible  of  an  adult  animal  in  good  preservation.    In  their  robust 

cliaracter  the  premolar  teeth  resemble  those  of  the  M.  turffidus,  but  are 

not  relatively  so  large,  nor  is  the  last  true  molar  relatively  so  small,  as  in 

that  species.     The  heel  of  the  third  premolar  is  obsolete,  and  that  of  the 

fourth  is  a  wide  cingulum.     Neither  exhibit  an  anterior  basal  tubercle, 

and  in  both  the  principal  cusp  is  stout.     The  true  molars  widen  poeterior- 

ly  to  the  anterior  part  of  the  last  molar.     The  latter  contracts  rapidly  to  a 

narrow  heel.     The  tubercles  are  all  subconic,  and  the  median  ones  of  the 

last  molar  are  small.     There  are  no  cingula,  and  the  enamel  is  smooth. 

The  ramus  is  not  robust,  and  is  of  moderate  depth.    Its  inferior  border 

rises  below  the  middle  of  the  last  molar  tooth,  and  posteriorly.     There  is 

a  "  mental  "  foramen  below  the  contact  of  the  fourth  premolar  and  first 

true  molar. 

Meusuremcnts .  M. 

Length  of  bases  of  six  posterior  molars 047 

**  *'         three  premolars 024 

P-m.  II 009 

p.m.  IV .008 

P-m.  IV 005 

Diameters  basis  of  M.  II  {  anteroposterior 0075 

'^  transverse • 0070 

Diameter    basis  M.   ni  (  ""'''"'P''^'"'""'" ^'^ 

y  transverse 0070 

Depth  of  ramus  at  P-m.  II 0080 

M.  II 0140 

This  species  is  named  from  the  Crow  Indian  name  of  the  Big-Honi 
river,  Etsagie. 

CoNCLiDiNo  Hh:mahks. 

The  psileontolopst  who  has  examined  the  preceeding  list,  will  readily 
perceive  that  it  represents  fully  the  Wasatch  fauna,  with  little  admixture 
of  earlier  or  later  forms.  The  only  genus  which  belongs  to  the  Bridger  or 
mi<ldle  Eocene,  which  occurs  in  tlie  liig-Horn  basin,  is  Puppichthi/a,  The 
characjt eristic  Bridger  genera  Ilyrarhyn^,  Pnhrosf/ops,  Uintutherium,  and 
the  Tilloduntd,  are  absent,  and  their  phice  is  taken  by  Phenacodus,  Ifyni- 
eofhcrium,  Conjphodon  and  Taniodontit,  as  in  New  Mexico.  Several  genera 
are,  as  elsewhere,  ccmimon  to  the  two  horizons,  and  two  species  cannot  be 
distinguished  in  the  parts  preserved.  Such  as  Ilyopsodus  paulii^  and 
2/.  ticurins.  A  closer  comparison  may  he  made  with  the  Wind- 
River  group,  on  which  I  publishe<l  a  report  in  the  Bulletin  of  the  U.  S. 
Geological  Survey  of  the  Territories.*  Tlie  following  genera  found  in 
that  formation  have  not  been  obtained  from  the  Big-IIorn.  Protoptalis, 
Lamhdothcnum,  Palceottyops,  llyrachytjs.\  Genera  of  the  Big-Horn  not 
obtaine<l  from  the  Wind-liiver  :  Gynodoutomys,  Aimptomo^rphus  ;  Me^onyz^ 

»18S1,  Feb.  p.  201. 

t  Since  Tiiaking  my  report  on  the  Wiini-KIvtM-  fauna,  I  have  found  the  anterior 
pari  of  the  lower  Jaw  of  a  spcclos  of  thi.s  genus. 
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I^eUatherium,  Oxyana;  ManUodon,  Ectacodon,  Metalophodon ;  Anaeod<m, 
Oligoiomus,  SysUmodan ;  Mioclcmus.  Three  of  these  genera  have  been 
found  in  the  Bridger,  and  five  have  been  obtained  in  the  lower  Eocene  of 
New  Mexico.     Five  of  the  genera  are  new  to  science. 

An  especial  feature  of  the  Big-Horu  collection,  as  distinguishing  it  from 
those  brought  from  other  regions  of  the  Wasatch  formation,  is  the  presence 
of  numerous  species  of  Phenacodv^,  and  of  new  and  rare  species  and 
genera  of  Corypkodontida, 

11.  The  Fauna  of  the  Catathl-«u8  Beds  or  Lowest  Eocene  of 
New  Mexico. 

A  number  of  new  species  and  genera  from  this  horizon  were  described 
in  my  Paleontological  Bulletin  No.  33.  The  present  paper  adds  a  few  to 
this  list.  Up  to  the  present  time  no  species  of  Coryphodon,  and  but  few 
specimens  of  Hyracoihirium  have  been  discovered  in  this  fonnation,  thus 
exhibiting  a  marked  contrast  to  the  Wasatch  beds.  The  predominant 
genus  is  Catathlcms,  which  is  represented  by  one  very  abundant  species. 
The  genera  of  Creodonta  are  mostly  distinct  from  those  of  the  Wasatch. 
The  Diplarthrous  Perissodactyla,  so  numerous  in  the  Wasatch,  are  rare 
here.  The  genus  which  is  well  represented  in  both  formations,  is  Phena- 
codus;  and  Mioclamts  occurs  in  both.  Mesodortta  are  much  less  numerous 
than  in  the  Wasatch,  and  Amblypoda  have  not  yet  certainly  been  found. 

This  is  the  only  Tertiary  formation  where  the  Laramie  genus  Champao- 
saurus  occurs.     It  is  represented  by  three  species. 

Psittacotherium  multifragum  Cope. 

American  Naturalist,  1882,  p.  15G,  Jan.  25th. 

An  interesting  new  form  of  this  sub-order  has  been  found  in  the  Cataih- 
14BUS  beds  (probably  the  Puerco  formation)  of  New  Mexico.  It  differs 
widely  from  the  two  genera  hitherto  known,  Auchippodus  and  Tillothe- 
Hum,  Owing  to  the  absence  of  the  superior  dental  series,  it  is  not  possible 
to  be  sure  which  is  the  canine.  The  inferior  dental  formula  mav  be  there- 
fore  written,  I.  2  ;  C.  1  ;  P-m.  3  ;  M.  3 ;  or  I.  3  ;  C.  0 ;  P  m.  3  ;  M.  3  ;  or 
I.  3 ;  C.  1 ;  P-m.  2 ;  M.  3.  The  first  and  second  incisors  are  large  and 
rodent-like,  growing  from  persistent  pulps ;  the  second  are  the  larger. 
The  third,  or  canines,  are  small  and  probably  not  gliriform.  There  is 
no  diastema.  The  first  premolar  (or  canine)  has  a  compressed  crown 
with  two  cusps  placed  transversely  to  the  jaw  axis,  and  has  a  complete 
enamel  sheath,  and  probably  two  roots.  Tlie  succeeding  tooth  is  also 
transverse,  and  is  two-rooted,  judging  from  the  alveolus.  The  first  and 
second  true  molars  are  rooted,  and  the  crown  consists  of  two  transverse 
separated  crests,  each  partially  divided  into  two  tubercles.  On  wearing, 
the  grinding  surface  of  each  assumes  the  form  of  a  letter  B  with  the  con- 
vexities anterior.  The  last  inferior  molar  is  injured.  The  rami  are  short, 
and  the  symphysis  deep  and  recurved. 

Specific  characters.  The  base  of  the  coronoid  process  is  oppoeite  the 
junction  of  the  second  and  third  true  molars.  The  ramus  is  deep  931*''' 
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erately  stout.  The  enamel  of  the  first  incisor  does  not  extend  below  the 
alveolar  border,  at  the  internal  and  external  fkces,  and  does  not  reach  it  at 
the  sides.  It  has  a  few  wrinkles  on  the  anterior  face.  The  anterior  enamel 
face  of  the  second  incisor  is  thrown  into  shallow  longitudinal  grooves  with 
more  or  less  numerous  irregularities  from  the  low  dividing  ridges.  There 
is  a  deeper  groove  on  each  side  of  the  tooth,  and  there  are  about  a  dozen 
ridges  between  these  on  the  anterior  face.  Both  cusps  of  the  first  pre- 
molar are  conic,  and  the  external  is  the  larger.  The  second  true  molar 
is  a  little  smaller  than  the  fii*st.  Tlie  enamel  of  the  premolars  and  molars 
is  smooth,  and  there  are  no  cingula. 

Probable  length  of  dental  series,  .0750;  diameters  of  I.  i :  anteropos- 
terior, .0120,  transverse,  .0066 ;  diameters  I.  2 :  anteroposterior,  .0160, 
transverse,  .0115  ;  diameters  P-m.  i :  anteroposterior,  .0072 ;  transverse, 
.0130 ;  diameters  of  M.  ii .  anteroposterior,  .0000,  transverse,  .0090. 
Length  of  true  molars,  .0038  ;  depth  of  ramus  at  M.  ii,  .0360. 

The  short  deej)  jaws  of  this  animal  must  have  given  it  a  very  peculiar 
appearance,  not  unlike  that  of  a  parrot  in  outline. 

PSITTACOTHERIUM   ASP  AS  I. B,  sp.  nOV. 

Represented  by  two  mandibular  rami  of  two  individuals,  one  adult,  the 
other  nearly  so,  but  with  the  last  inferior  molar  not  fully  protruded.  The 
latter  specimen  must  be  used  for  description,  as  it  presents  two  molar 
teeth,  whih;  the  other  specimen  has  lost  them. 

The  most  obvious  difference  from  the  P.  multifragym  is  its  inferior  size, 
which  can  be  rcMidily  perceived  from  the  measurements  given.  The  pos- 
terior crest  of  the  molars  appears  to  have  less  transverse  extent  than  in 
the  larger  species.  Tliis  crest  in  the  last  inferior  molar  has  a  curved 
crenate  edjre,  with  a  snuill  conic  tubercle  at  its  external  extremity.  Tlie 
anterior  crest  consists  of  two  conic  tubercles,  whose  apices  converge,  but 
whose  bases  are  closely  ai)pr('ssed,  and  only  distinguished  by  a  superficial 
fissure.  The  valley  between  the  crests  is  uninterrupted.  The  preceding 
molar  is  larger,  au<l  its  posterior  crest  is  like  that  of  the  lost  molar.  The 
apex  of  the  anterior  crest  is  broken  off. 

The  mnnis  dttepens  rapidly  forwards,  and  contains  the  enormous  alve- 
olus for  the  incisors.     The  coronoid  process  leaves  the  alveolar  border  at 
the  line  separating  the  last  two  molars,  or,  in  the  smaller  specimen,  a 
little  anterior  to  this  point,  and  is  quite  prominent.     The  masseteric  fosaa^ 
is  well  marked,  but  shallows  gradually  anteriorly  and  inferiorly. 

McnHuremcnts, 

No.  1.  M. 

Depth  of  nimus  at  penultimate  molar 02^7 

Width  of  last  molar  anteriorly 008 

Length  of  crown  of  do » . .  .009 

No.  2. 

Depth  of  ramus  of  penultimate  molar 029 

at  P-m.  ii 043 

Length  of  five  consecutive  alveoli 047 

From  the  Puerco  bed  of  X.  W.  New  ^lexico. 
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TriIsODON  HEILPRINIAI7U8,  Sp.  nOV. 

This  species  may  be  readily  recognized  as  smaller  than  the  T.  qyiviren- 
HSy  and  as  having  the  anterior  inner  cusp  of  the  inferior  true  molar  of 
larger  proportions  than  in  the  corresponding  teeth  of  the  latter  species. 
It  is  only  represented  in  my  collection  by  a  portion  of  a  lower  jaw,  which 
supports  only  one  well  preserved  molar.  As  the  fourth  premolar  is  not 
present,  it  is  not  positively  ascertained  that  the  species  does  not  belong  to 
Ictop». 

The  anterior  cusp  is  very  low,  and  is  nearer  the  inside  than  the  middle 
of  the  anterior  border.  The  principal  anterior  cusps  arc  opposite,  and  the 
external  is  a  little  the  larger.  The  heel  is  larger  than  the  basis  of  the  an- 
terior cusps,  and  has  convex  borders.  Its  internal  border  supports  three 
tubercles,  and  the  external  border  rises  into  a  cutting  lobe  with  lenticular 
section.     Enamel  smooth.     No  cingula,  but  the  external  base  is  injured. 

Measurements.  M. 

r         .       fofcusps r  .0070 

Diameters  of  inferior  molar  J  ^^^  ^^  ^  ^^  ^^®^ ^^ 

anteroposterior 0110 

'  transverse 0005 

Puerco  beds  of  New  Mexico. 

Dedicated  to  my  friend,  Professer  Angelo  Heilprin,  of  Philadelphia. 

Sarcothraustks  antiquus,  gen.  et  sp.  no  v. 

Char.  gen.  We  have  in  evidence  of  the  characters  of  this  genus,  the 
last  two  superior  molars,  the  last  one  lacking  the  crown ;  and  parts  of 
both  mandibular  rami,  which  exhibit  teeth  as  far  posteriorly  as  the  first 
true  molar  inclusive  ;  all  belonging  to  one  individual.  A  part  of  a  skele- 
ton of  a  second  individual,  which  includes  a  fragment  of  lower  jaw,  be- 
longs probably  to  this  species.  ' 

Sarc^thraustes  resembles  both  Amhlyctonus  and  Mesonyx,  but  it  is  i)rob- 
ably  to  the  latter  genus  that  it  is  allied.     The  last  superior  molar  is  trans- 
verse, much  as  in  Oxyctna.  •  The  crown  of  the  penultimate  is  subiriangular 
and  transverse.     It  has  two  external  subconic  cusps  and  a  single  internal 
lobe,  whose  section  on  wearing  is  a  V,  each  branch  of  the  face  extending 
to  tliQ  base  of  the  corresponding  external  tubercle.     There  arc  three  small 
/orerior  incisors,  and  a  large  canine.     There  are  probably  only  three  in- 
feriar  premolars,  the  first  one-rooted.     The  crown  of  the  second  has  no 
bed.      The  crown  of  the  third  has  a  short  wide  heel.     Tlie  crown  of  the 
^t^t  true  molar  consists  of  an  anterior  elevated  cone  and  a  posterior  heel. 
^"G  J«.tter  is  wide,  having  a  posterior  transverse,  as  well  as  a  longitudinal 
'^ediij.jj  keel.     The  fragments  of  the  supposed  second  individual  include 
^^  ^*^rge  glenoid  cavities  with  strong  preglenoid  crests,  as  in  Mesonyx. 
As   tiiompared  with  Mesonyx,  this  genus  differs  in  the  V-shaped  crest  of 
^  FKi  nultimate  superior  molar ;  in  Mesonyx  it  is  represented  by  a  simple 
-  ^e.        rpjjg  ^j^g|  superior  molar  of  Mesonyx  is  triangular  and  not  transverse, 
^Vke  composition  of  the  crown  of  that  tooth  in  SareothrausUs  must  be 
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known  before  the  value  of  this  character  can  be  ascertained.  If  the  view 
that  Sarcoihray^tes  lias  but  three  inferior  premolars  be  correct,  this  charac- 
ter distinguislies  it  from  Mesonyx,  as  do  also  the  transversely  expanded 
heels  of  the  molars.  Tlie  family  Mesonyehida  may  be  for  the  present  re- 
garded as  embracing  the  three  genera  of  Sarcothrau9te$,  Mesonyx  and 

CJuir.  Specif,  The  penultimate  superior  molar  has  a  strong  jrasterior 
cingulum  whicli  commences  within  the  line  of  the  internal  bases  of  the 
external  cusps,  and  rises  into  considerable  importance  behind  the  internal 
cusp.  Tliere  is  also  an  anterior  cingulum  which  does  not  rise  internally, 
and  which  is  continuous  with  a  strong  external  basal  cingulum.  The 
latter  passes  round  the  posterior  base  of  the  posterior  cone,  and  runs  into 
the  posterior  branch  of  the  internal  V.  The  posterior  cone  is  smaller  than 
the  anterior  cone,  and  its  apex  is  well  separated  from  the  latter.  The  ap- 
pearance of  this  tooth  is  sometliing  WVm  that  of  a  carnivorous  marsupial. 

The  symphysis  mandibuli  slopes  obliquely  forwards,  and  is  united  by 
coarse  suture.     The  ramus  is  stout  and  deep,  as  compared  with  the  size  of 
the  molar  teeth.    The  roots  of  the  teeth  are  relatively  large,  especially 
those  of  the  first  two  premolars.    The  crown  of  the  canine  is  lost.     The 
first  premolar  points  forwards,  nearly  parallel  with  the  canine,  and  diver- 
gent from  the  second  premolar.    The  crown  of  the  second  premolar  is 
small  and  subcouic,  and  has  a  rudimental  heel,  and  no  anterior  basal  tuber- 
cle.    The  first  true  molar  resembles  considerably  that  of  Mesonyx*    There 
is  a  small  anterior  basal  tubercle  on  the  inner  side  of  the  principal  cusp. 
The  expansion  of  the  heel  is  transverse  only,  there  being  no  longitudinal 
latenil   edges  or  tubercles.     The  eoamcl  is  obsoletely,  rather  coarsely 
wrinkled.     Th(?re  are  two  rather  liirge  mental  foramina  ;  the  posterior  be- 
low the  anterior  root  of  the  first  true  molar,  and  the  anterior  below  the 
posterior  root  of  the  second  premolar. 

Measuvements.  M. 

Tx.        ,         r  .      ^r   ..  f  anteroposterior  externallv  .015 

Diameters  of  superior  M.  ii  J  * 

( transverse 024 

Anteroposterior  diameter  of  base  of  M.  .iii 0095 

Anteroposterior  diiimeter  base  of  crown  of  inferior 

canine 020 

Length  of  bases  of  three  inferior  premolars 088 

i  anteroposterior 019 
transverse 0095 
vertiail 0110 

Depth  of  ramus  at  P-m.  iii 0520 

Width        *•  ••        022 

»  Amorlcan  Xuturullst,  Doc,  li?81. 
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CHAMF808AUBU8  PVERCENSIS,  Sp.  nOV. 

I  hare  already  announced  the  discovery  ♦  of  this  Laramie  genus  in  the 
-Kr^aerco  beds  of  New  Mexico,  and  described  a  species,  G.  aiuiralis,  from 
"tr  liat  region.  I  now  introduce  two  additional  species  from  the  same  hori- 
n.  One  of  these  is  represented  by  a  number  of  fragments  which  include 
S jree  dorsal  and  four  caudal  vertebroe  of  apparently  one  individual.  They 
-«3pre8ent  an  animal  of  larger  size  than  any  of  those  heretofore  referred  to 
^hamp8o$aurus,  excepting  the  C.  vawiasuletms.  In  all  of  the  vertebra; 
lie  neural  arch  is  more  or  less  coossifled  with  the  centrum,  and  the  animal 
Bsd  probably  reache<l  its  full  size. 

One  of  the  dorsal  centra  is  split  vertically  and  longitudinally,  and  shows 
structure  already  figured  by  Leidy  in  the  Isckyrosaitrua  antiquv$\ 
^idy.     The  surface  exposed  displays  two  diagonal  lines  of  fissure  cross- 
g  each  other  at  right  angles.     They  indicate  clearly  the  mode  of  origin 
^  this  amphiplaty an  type  of  centrum.    The  centrum  is  first  deeply  am- 
tuiccelous  as  in  the  Theromorphous  reptiles  of  the  Permian.     The  conical 
vities  are  filled  by  the  ossification  of  the  remaining  portions  of  the  noto- 
'teord,  forming  a  conical  body  which  always  remains  distinct  from  tlie  re- 
minder of  the  centrum. 

The  articular  &ces  of  the  dorsal  centra  are  a  little  wider  than  deep,  and 

« depth  al)out  equals  the  length  of  the  body.     They  are  not  nearly  so 

depressed  as  those  of  C.  auitraUs,  and  their  outline  is  different.    This  is 

wider  above  and  narrows  below  ;  in  both  C.  australis  and  C.  sapon&H»is  the 

Ixi  Terior  outline  is  part  of  a  circle.     None  of  the  dorsals  preserved  are 

Weded  below.   Tliere  is  a  fossa  below  the  dlapo])hysis  which  has  a  subver- 

tic-al  posterior  boundary.     The  general  surface  (somewhat  worn)  docs  not 

display  wrinkles  near  the  articular  faces.     An  anterior  dorsal  has  a  short 

compressed  diapophysis  with  a  narrow  figure  8  articular  surface,  and  its 

superior  bonier  is  in  line  with  the  roof  of  the  neunil  canal.     The  anterior 

^^udals  have  subnnmd  articular  faces  ;  the  |M)sterior  are  more  oval  and 

^e  iKxlies  compressed.     With  greater  compression,  the  length  increa.ses. 

MeasnremenU.  M. 

/  anteroposterior 02o 

Diameters  of  an  anterior  dorsiil  <  vertical <)2o 

A  transverse 030 

Height  of  costal  facet  of  do 021 

Diameters  neural  canal  do.  \  ^'cr^i^a^ 007 

i  transverse 009 

/  anteroj)osterior 024 

Diameters  anterior  caudal  <  vertical 021 

(  transverse 021 

/  anteroposterior 025 

Diameters  ]K)sterior  caudals  <  vertical 018 

'transverse 018 

*  ^^erican  Naturalist,  1881.  p.  66t>. 
^  "^^^ntao.  Amer.  Phlloe.  See.  18e«. 
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The  typical  specimen  was  found  by  Wm.  Baldwin  near  the  Puerco 
river,  west  of  the  Nacimiento  mountain,  New  Mexico,  in  the  typical 
locality  of  the  Puerco  formation. 

CHAMPSOSAURUS  8APONEN8I8,  Sp.  nOV. 

Represented  in  my  collection  by  six  cervical  and  several  dorsal  vcrtebr», 
one  only  of  the  latter  with  well  preserved  centrum,  imrts  of  ribs,  and 
various  other  bones,  whose  reference  is  not  yet  certain. 

The  cervical  vertebra?  include  the  os  dcntatum  or  centnim  of  the  atlas. 
This  shows  its  strei)tostylicate  character  in  its  distinctness  from  both  the 
centrum  and  the  free  hypapophysis  of  the  axis.     Nevertheless  it  is  more- 
Crocodilian  than  Lacertilian  in  form.     Its  anterior  face  is  transverse,  witli. 
a  little  lip  carrying  forwards  the  floor  of  the  neural  canal,  below  which  the 
face  is  leveled  posteriorly.     The  inferior  surface  is  narrow  and  transverse*, 
as  though  adapted  for  the  anterior  part  of  the  hypapophysis  of  tlie  axis  . 
At  each  side  it  terminates  in  a  prominent  tuberosity,  as  though  for  the? 
attachment  of  a  cervical   rib  as  in  theCrocodilia.    The  anterior  face  i«. 
bounded  ix)8leriorly  by  a  transverse  groove  which  terminates  in  a  fosssL 
on  each  side.     The  posterior  articular  face  of  the  os  dentatum  is  wider* 
than  deep.     The  lateral  angles  of  the  superior  face  are  rounded,  and  its 
median  portion  is  concave. 

The  axis  displays  a  large  facet  for  the  hypapophysis.     Behind   it  tli^ 
inferior  middle  line  is  not  keeled,  but  is  coarsely  wrinkled  longitudinally"- . 
Tlie  posterior  edge  of  the  hypai)ophysial  facet  is  the  most  prominent  part, 
of  the  inferior  surface.     The  posterior  articular  face  is  deeper  than  wiilc?- 
Tliis  is  true  of  the  faces  of  all  the  cervical  vertebne.     The  latter  gradual  \y 
increase  in  size  posteriori}',  an<l  the  dorsals  become  larger.     The  articula*.T" 
facesof  all  the  centra  are  regularly  rounded  and  not  contracted  belo'^w. 
The  live  ('("rvi(ruls  are  strongly  keeled  below  ;  the  keel  of  the  third  cenlri.111^ 
being  split  up  anteriorly  into  narrow  ridges.     On   the  sixth  the  keel      i^ 
more  i>rominent  and  acutt'.     The  dorsal   is  not    kec^led.     A  trace   of  tl:*^ 
parapopliysis   appears   low  down   on    the  fourth  cervical  ;   it   rises  a 
becomes  prominent  as  a  round  tuberosity  on  the  tiflh  and  sixth.     It  i 
pears  on  t lie  superior  edg(?  of  the  centrum  of  the  doi*sjil  vertebra,   wh 
it  is  connected  with  the  diapophysis.     Ills  near  the  middle  ofthelen^T^^ 
of  the  eentruni,  and  not  near  the  anterior  border  as  in  (\  nustniUs. 

The  surfaces  of  the  vertebra*  are  very  smooth  excepting  where  thro"**'  '^ 
into  coarse  wrinkles  near  the  borders  of  the  articular  faces  and  near    tto*-* 
hypapoi)hysis.     The  edires  of  the  arti<nilar   faces  are  somewhat  revol***^*-* 
on  the  sides  in  the  cervicals,  but  not  on  the  dorsal.     They  are  impre^=^*-* 
in  the  centre  to  a  point,   most  strongly  so  as  we  pass  forwards  in    tl**^ 
series.     There  is  a  fossji  below  the  space  anterior  to  the  parapophysi**     *-^ 
the   dorsal  vertebra,  which    is  abruptlv  bounded  below  bv  a  horizon*^' 
angle.     A  separate  neural  spine  j)erhaps  of  a  cervical  vertebra,  has    fl*^ 
following  form.     It  is  stout,  and  is  contracted  rather  abruptlv  at  the  »P^^ 
fnmi   behind  forwards.     The  section   is  broadly  lenticular,    angulatc    *-** 
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front,  and  truDcate  behind.  The  posterior  face  has  several  longitudinal 
'crinkles,  including  a  median  raised  line,  and  there  are  some  more  irregu- 
lar \^rinkles  on  the  sides. 

Measurements  of  vertebra.  M. 

Anterior  face  of  os  dentatum  [  ^"^^^ ^^^ 

I  depth  (oblique) 012 

Posterior  face  of  os  dentatum  /  ^'^^^^ ^^^ 

(depth 018 

Length  os  dentatum  above 014 


posterior  facef^'P*'' "^2 

C  width 


Diameters  axis  }  I  width 020 

'  length 0185 

Ilypapophysial  facet  os  dentatum  [  ^^^}^ ^? 

C  width 014 

r  length 022 

Diameters  fourth  cervical  <      ♦    .      f  depth 0225 

J  anterior '.     .*,  ,  ^^  ^ 

(  I  width 022 

/  length 0215 

Diameters  sixth  cervical  <  «n*„j.}(^j.  /  depth 0245 

(  \  width 0235 

Spaces  between  parapophysis  and  diapophysis  of  do 0040 

/  length '. 02(15 

Diameters  of  dorsal  )  interior  ^  ^®^^^^* ^^^^ 

(  \  width 0265 

Height  of  neural  spine  of?,  from  postzygapophysis 0210 

Anteroposterior  width  of  do.  at  base 0100 

The  portions  of  ribs  are  separated  heads  and  shafts.     Tlie  former  are 

^UWe  and  therefore  cervical,  and  are  quite  large.     If  I  Ik*  sliafls  belonti;  to 

^^m,  the  neck  of  this  species  must  have  been  wide.   The  sliafts  are  slender 

^/^^i  are  of  dense  bone.     The  section  is  oval  at  the  middle,  but  towards 

_r^  distal  extremity  becomes  flattened  and  grooved  and  delicately  lino 

^  ^§ed  on  one  side.     The  extremities  of  the  long  bones  are  without  con- 

^^*I«8  but  have  concave  surfaces  like  those  of  the  ribs.    The  bodies  are  ro- 

■w^^^t  and  angular.    They  may  be  abdominal  ribs  of  unusual  stoutness. 

*^m  the  Puerco  beds,  D.  Baldwin. 


Stated  Meeting^  January  G^  1882, 

Present,  8  members. 

President  Fraley  in  the  Chair. 

lietters  of  acknowledgment  were  received  from  the  Anthro- 
t^^logical  Institute  of  Great  Britain  and  Ireland  (XV,  3  ;  107, 
^08)j  and  the  Linnean  Society,  London  (105,  \W). 
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Letters  of  envoy  were  received  from  the  Academie  der 
Wissenschaften,  Wien,  Sept.  30,  1881 ;  Bibliotheca  Nazionale 
Vittorio  Emaniiele,  Roma,  Oct.  20,  and  the  Meteorological 
Office,  London,  December,  1881. 

A  letter  asking  exchange  of  publications  was  received  from 
the  U.  S.  Geological  Survey,  Wavshington. 

A  circular  letter  asking  exchange  of  publications  was  re- 
ceived from  the  Soci6t6  des  Sciences  de  Finlande,  Helsingfors, 
Dec.  10,  1881. 

A  circular  letter,  dated  December,  1881,  was  received  from 
Prof  Dr.  Riidinger,  in  behalf  of  the  Comit6  lUr  die  Jubilaums- 
feier  des  Herrn  Geheimraths  Dr.  Th.  v.  Bischoff'. 

Donations  for  the  library  were  received  from  the  Royal  So- 
ciety of  New  South  Wales;  the  Academies  at  St.  Petersburg, 
Berlin,  Vienna  and  Turin;  Observatories  at  St.  Petersburg, 
Turin,  and  the  Cape   of  Good   Hope;   Bibliotheca   Spcculae 
PulcoveiLsis,  in  St.  Petersburg ;  Imperial  Society  of  Natur- 
alists, Moscow ;   Naturforscher  Verein,   Riga ;  German   Geo- 
logical   Society,    Berlin;    Zoologischer    Anzeiger,    Leipsig; 
Verein   flir   Erdkunde,    Halle  a-S;    Verein  fiir   Naturkunde 
zu  Cassel ;  Zoological  Garden,  Frankfurt;  Oberhcssiscbe  Ge- 
scllschaft,  Giessen;    M.  Hugo  von    Meltzel ;    Royal  Venetian 
Institute;    Royal  Lombardy  Institute;    Museum   of  Natural 
History,  and  Revue  Politiijuc,  Paris ;  Society  of  Commercial 
Geography,   Bordeaux;    Rcvista  Euskara,    Pamplona;     Flora 
Batava,  Leyden;  Royal  Asiatic,  Royal  Astronomical,  Royal 
Geographical,  Meteorological,  Geological,  Zoological,  Linnean 
and    Antiquarian   Societies,    and  the  Victoria  Institute,    Me- 
teorological Oliicc,    and  Nature,   London ;    Mr.  John    Evans, 
F.R.S. ;    Royal   Geological    Society,    Dublin;     Mr.    Horatio 
Hale,  Clinton,  Canada;  American  Oriental  Society,  and  Ameri- 
can Journal  of  Science,  New  Haven;  Dr.  J.  S.  Newberry,  New 
York;  Franklin  Institute,  and  the  "American,"  Philadelphia; 
American  Chemical  Journal,  Baltimore;  U.  S.  Geological  Sur- 
vey, Washington;  " The  Virginias,"  Staunton,  Va.;  Americarx 
Anti(iuarian,  Chicago;  and  the  National  Museum,  Mexico. 

The  death  of   Dr.  Isaac  Israel  Hayes,  on  Dec.  17,  1881,  wi 
announced. 
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Dr.  Brinton  was  appointed  to  prepare  an  obituary  notice  of 
the  deceased. 

The  death  of  Dr.  John  W.  Draper,  on  Jan.   4,  1882,  aged 
71  years,  was  announced. 

Dr.  Hammond  was  appointed  to  prepare  an  obituary  notice 
of  the  deceased. 

An  obituary  notice  of  Mr.  W.  Milnor  Eoberts  was  read. 

Prof.  Cope  presented  a  fossil  lower  jaw  from  the  Colorado 
basin. 

Nominations  were  read. 

Mr.  Lesley  was  nominated  Librarian. 

The  report  of  the  Finance  Committee  was  submitted. 

The  Committee  on  the  Deposit  of  MSS.  reported  progress. 
And  the  meeting  was  adjourned. 


An  Ohituary  Notice  of  William  Milnor  Roberts. 

(^JF^mished  by  Mrs.  W.  MUnor  Roberts,   and  read  before  the  American 
Phitosaphical  Society ,  by  Frederick  Fraley y  Jantui/ry  6,  lS8/i.) 

William  Milnor  Roberts,  C.  E.,  whose  death  occurred  at  Solcdade,  pro- 
Tince  of  Minas  Geraes,  July  14th,  1881,  was  one  of  the  oldest  and  most 
active  members  of  the  engineering  profession.     He  was  of  Quaker  descent, 
and  was  born  in  the  city  of  Philadelphia  on  the  12th  of  February,  1810. 
His  education  was  received  in  the  best  private  schools  of  that  city,  during 
which  a  special  course  in  mathematics  of  two  terms  was  spent  under  the 
eminent  mathematician,  Joseph  Roberts.     He  also  pursued  a  course  of 
architectural  drawing  in  the  first  school  established  by  the  Franklin  Insti- 
tute, under  the  distinguished  architect,  John  Haviland.     After  entering 
the  profession  of  engineering — there  were  no  engineering  schools  at  that 
time— he  continued  his  studies,  principally  in  mathematics,  of  which  he 
was  very  fond,  during  the  winter  months,  the  summer  being  spent  in  the 
field. 

Owing  to  his  aptitude  for  mathematical  studies  and  investigations,  his 

6thep*8  friend,  Samuel  Mifflin,  then  presidentof  the  Union  canal  company, 

of  Pennsylvania,  advised  his  adoption  of  the  profession  of  civil  engineer- 

i^g>  an  advice  which  he  very  wisely  followed.     He  received  his  first  em- 

/^'oj-nient  in  that  profession  on  the  Union  canal,  of  Pennsylvania,  in  the 

f^priTkf^  of  1825,  he  being  then  in  his  sixteenth  year.     His  first  employment 
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was  that  of  a  chainman,  his  employer  was  the  eminent  canal  engineer.  Can- 
vass White,  and  the  chief  of  the  party  to  wliich  he  was  attached  was  Syl- 
vester Welch.  His  progress  in  his  profession  from  that  time  is  shown  by 
the  fact  that  at  the  age  of  eighteen  he  was  promoted  by  Mr.  White  to  the 
charge  of  the  most  difficult  section  of  the  Lehigh  canal,  extending  from 
Mauch  Chunk  down  for  a  distance  of  sixteen  miles.  In  1820  he  published 
a  description  of  the  Lehigh  ciinal  in  Hazard's  Register. 

It  was  Mr.  Roberts'  rare  good  fortune  to  have  been  connected  with  the 
first  niilway  enterprLses  in  the  United  States,  his  career  as  an  engineer  be- 
ing thus  contemporaneous  with  the  beginnings  and  growth  of  that  greatest 
of  agents  in  our  modern  civilization.  .  Railway  engineering  in  the  United 
States  began,  in  a  crude  way,  in  1820  at  the  Quincy  granite  quarry,  a 
tramway  being  then  constructed  for  the  transportation  of  stone  from  the 
quarry  to  the  water,  a  distance  of  three  or  four  miles.  The  first  railway 
of  any  consequence,  however,  was  the  Mauch  Chunk  gravity  road,  nine 
miles  in  length,  between  tlie  summit  of  Broad  Top  mountain  and  the  head 
of  the  Mauch  Chunk  inclined  plane.  The  first  passenger  car  in  the  United 
States  was  \mi  (m  this  road  in  the  early  summer  of  1827,  and  Mr.  Roberts 
was  one  of  the  passengers  on  tlie  first  trip  down  the  line.  Since  those  first 
small  beginnings,  this  first  crude  railway  of  nine  miles,  the  railway  sys- 
tem of  the  United  States  has  grown  to  be  the  most  powerful  instrument 
of  progress  of  our  day,  with  its  05,000  miles  of  iron  track  netting  the  whole 
surface  of  the  co\intry  and  carrying  wealth  into  almost  every  locality. 
Side  by  side  with  this  wonderful  material  development,  Mr.  Roberts  grew 
into  eminence  as  an  engineer.  From  his  first  beginning  as  a  chainman. 
just  one  year  before  tlie  first  crude  attempt  at  railway  engineering,  his  ca- 
reer was  one  of  steady,  subsiuntial  growth  until  the  closing  iiours  of  his 
life,  crowned  with  the  hi<:hest  lionors  which  his  profession  could  bestow 
upon  him,  and  ennobled  by  works  whose  perfccliou  and  usefulness  will 
be  an  imperishable  record  of  his  worth  and  fame. 

In  the  course  of  his  long  career  of  fifty-six  years  as  an  engineer,  Mr. 
Roberts  held  so  many  and  so  varit.'il  positions  of  trust  and  responsibility 
that  a  bare  enumeniiion  of  them  would  recjuire  more  space  than  this  brief 
sketch  will  admit.     The  more  important  of  them  may  be  summarized  as 
follows:  In  1820  Mr.  Rolxjrts*  connection  with  the  construction  works  of 
the  Union  and  Lehigh  canals  was  brought  to  a  termination.     In  1830  he 
was  appointed  resident  engineer  of  the  Union  railroad  and  a  feeder  of  the 
Union  canal.     From  1831  to  \H'M  he  was  senior  principal  assistant  engi- 
neer on  the  Allegheny  Portage  railroad,  during  which  time  lie  had  cliarge 
of  repairs  on  the  western  divisicm  of  the  Pennsylvania  State  canal — from 
Johnstown  to  Pittsburgh — which  had  been  damaged  by  the  great  flood  of 
18:^2.     In  1835,  in  his  26th  year,  he  received  his  first  appointment  as  chief 
engineer,  being  called  to  fill  that  position  on  the  Ilarrisburg  and  IjiD(ii&  ~ 
ter  railroad.     In  1830  he  accepted  the  chief  engineership  of  the  Cumber^    ^ 
land  Valley  railroad  which  he  held  during  that  year  and  a  part  of  183"^% 
During  this  time  he  planned  and  built  the  first  combined  railway 
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common  road  bridge,  which  crossed  the  Susquehanna  river  at  Ilarrisburg. 
From  1837  to  1841  he  filled  the  office  of  chief  engineer  on  the  Mononga- 
hela  river  improvements,  the  Pennsylvania  State  canal  construction  works, 
the  Erie  canal,  and  tlie  Ohio  river  improvements.  In  1841-42  he  was  a 
contractor  on  the  Welland  canal  (Canada)  enlargement.  In  1843-44  he 
was  chief  engineer  for  the  Erie  canal  company,  and  from  1845  to  1847  he 
was  chief  engineer  and  trustees'  agent  for  the  Sandy  and  Beaver  canal 
company,  of  Ohio.  In  1848  he  was  appointed  by  the  Legislature  of  Penn- 
sylvania to  make  a  survey  to  avoid,  if  possible,  the  Schuylkill  (Philadel- 
phia) inclined  plane.  In  1840  he  declined  the  chief  engineership  of  the 
first  projected  railroad  in  South  America,  to  accept  that  of  the  Bellefon- 
taine  and  Indiana  railroad,  of  Ohio,  where  he  remained  until  1851.  From 
1852  to  1854  he  was  chief  engineer  of  the  Allegheny  Valley  railroad,  con- 
Bulting  engmeer  for  the  xVtlantic  and  Mississippi  niilroad,  contractor  for 
the  whole  of  the  Iron  MounUiin  railroad,  of  Missouri,  and  chairman  of  a 
commis$«ion  of  three  apix)inted  by  the  Pennsylvania  Legislature  to  examine 
and  report  upon  routes  for  avoiding  the  inclined  planes  of  the  old  Alle- 
gheny Portage  railroad.  From  1855  to  1857  he  was  contractor  for  the  en- 
tire Keokuk,  Des  Moines  and  Minnesota  railroad,  consulting  engineer  lor 
the  Pittsburgh  and  Erie.  andTerre  Haute,  Vanda^iaandSt.  Louis  railroads, 
and  chief  engineer  of  the  Keokuk,  Mt.  Pleasant  and  Muscatine  niilroad. 

In  December,  1857,  Mr.  Roberts  sailed  for  Brazil  to  examine  the  route 
of  the  Dom  Pedro  II  railway  with  the  purpose  of  bidding  for  its  construc- 
tion. In  1858,  as  the  senior  member  of  a  firm  of  American  contractors,  he 
concluded  a  formal  contract  in  the  United  States  with  the  Brazilian  minis- 
ter, Sr.  Carvalho  de  Borges,  for  the  construction  of  this  road,  and  in  the 
following  year  he  returned  to  Brazil  and  took  active  charge  of  the  work. 
He  remained  on  the  work,  which  exhibits  some  of  the  finest  railway  engi- 
neering and  construction  in  the  world,  until  the  completion  of  the  con- 
tracted work  in  1864.  During  the  remainder  of  1864  and  a  part  of  1865  he 
Tisited  various  railways  and  public  works  in  Brazil  and  the  Platine  repub- 
lics, returning  to  the  United  States  in  the  latter  part  of  1865. 

Soon  after  his  arrival  in  the  United  States  Mr.  Roberts  took  charge  of 
the  surveys  for  the  Atlantic  and  Great  Western  railroad,  which  he  com- 
plete<l  in  April,  1866.     After  some  miscellaneous  work  in  the  West,  he 
was  appointed  in  1866  by  the  Secretary  of  War,  Edwin  M.  Stanton,  as 
United  States  civil  engineer-in -charge  of  the   Ohio  river  improvement, 
which  position  he  held  until   1870,  when  he  resigned  to  accept  the  chief 
engineership  of  the  Northern  Pacific  railroad.     In  1868-69  he  held,  also, 
the  position  of  associate  chief  engineer  of  the  great  bridge  over  the  Missis- 
sippi at  St.  Louis.     He  retained  the  position  of  chief  engineer  of  the  North- 
ern Pacific  until  his  departure  for  Brazil  in  January,  1879.     During  his 
occupation  of  this  last  position  he  examined  and  reported  upon  several 
'ail  Ways  and  the  water  supply  of  the  cities  of  Pittsburgh  and  Philadelphia. 
in  1874  he  was  appointed  by  the  President  of  the  United  States  as  a  mem- 
ber of  a  commission  of  civil  and  military  engineers  to  examine  and  report 
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ufK)!!  plans  for  the  improvement  of  the  mouth  of  the  Mississippi  river.  In 
1877  he  located  the  Nictaux  and  Atlantic  railroad  in  Nova  Scotia.  During 
the  year  1876  he  held  the  iK)aition  of  vice-president  in  the  American  So- 
ciety of  Civil  Engineers,  and  at  the  close  of  1878  he  was  elected  president 
of  that  society  for  the  ensuing  year. 

Toward  the  close  of  1878  Mr.  liobcrts  accepted  the  appointment  of  the 
Brazilian  Government  for  an  examination  of  the  ports  and  water-ways  of 
the  empire  with  reference  to  their  improvement.     Ills  contract  was  for  a 
period  of  three  years,  beginning  with  1879,  only  six  months  of  which  re- 
mained unexpired  at  the  time  of  his  death.     Tie  left  New  York  on  the  4th 
of  January,  1879,  and  arrived  in  this  city  on  the  27th  of  the  same  month. 
He  was  at  once  charged  with  an  examination  of  the  port  of  Santos,  and 
entered  uix)n  his  new  work  in  the  following  month  of  February.     Tliis 
task  was  completrd  in  June,  and  on  the  81st  of  August  Mr.  Roberts  set 
out  for  an  extended  examination  of  the  Upi)er  Sao  Francisco.     He  was  ac- 
companied on  this  survey  by  Prof.  O.  A.  Derby,  of  the  National  Museum, 
Mr.  Rudolf  Wieser,  assistant,  and  by  several  young  Brazilian  engineers. 
This  survey  was  the  most  difficult  and  important  one  upon  which  Mr. 
Roberts  was  engaged,  the  field  work  alone  occupying  a  period  of  over  six 
months.     After  a  long  interval  had  elapsed,  during  which  time  he  served 
on  a  commission   to  report  u|K»n  the  new  water-works  of  this  city,  Mr. 
Roberts  was  commissioned  with  the  examination  of  various  northern  ports, 
and  in  two  separate  trips  made  cjireful  surveys  of  the  ports  of  Pernambuco, 
Fortaleza,  Munmhao,  Victoria,  (.'a ravelins,  and  several  other  small  ports. 

Very  recently  he  was  instructed  to  examine  the  i>ort  of  Rio  Grande,  Hut 
this  work  was  {ift(Twar(ls  deterred  in  order  to  have  an  examination  msi<3e 
of  the  Rio  das  Vclhas,  province  of  Minns  (Tcraes,  during  the  season  of  lo^ 
water.     Accompanied  by  I^rof  ().  A.   Derby,  geologist,  and  Mr.  J.  W.    dc 
Aguiar,  assistant,  Mr.  Roberts  set  out  on  this,  bis  last  survey,  on  the  2*\  of 
July,  18H1.     He  was  compelled  to  suspend  bis  journey  on  the  7th,  at  a.    lit- 
tle scttlennMit.  or  railway  surveyors'  camp,  called  Soledade,  where  aii.    ir^* 
disposition  which  had  been  troubling  him  for  some  days,  developed    into 
tvphus  fever.     lie  died  on  the  evening  of  Julv  14th,  1881,  in  the  72d  -v'eiV 
of  bis  age.  and  was  buried  on  the  following  day  in  the  parish  cemeter>'   ^^ 
Canunaiidahv,  s(;ven  leagues  beyond  the  citv  of  Barbacena,  Minas  Gers^^** 


Stufet/  }f<u'tin(f,  Jannarj/  '20^  1882, 
Present,  7  tncml:)ers. 

Vice-President,  Mr.  Prick,  in  the  Chair. 

Ijetters  were  received  from  the  Imperial  Society  of  N^^^^ 
ahsts  of  Moscow,  dtite<l  Dec.  18,  1881,  and  January,   1"*-  "' 
asking  the  participation  of  this  Society  in  the  celebration^ 
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tl:i^     60th  Anniversary  of  Mr.  Charles  Eenard's  connection 
wit:!!  their  Society. 

-A.  letter  was  received  from  the  Franklin  Institute,  dated 
J  3.11.  9,  1882,  requesting  Transactions  XV,  3,  and  Parts  1  and 
3    of*  the  Catalogue. 

IDonations  for  the  Library  were  received  from  the  Natur- 

foTscher   Vereins,   Riga ;     Zoologischer    Anzeiger,    Leipzig ; 

^cademia  dei  Lincei,  Roma ;    Soci6t6  de  G6ographie,    and 

Hevue  Politique,  Paris;    M.  le  Vicomte   H.  de  Charencey; 

Royal  Academy,  Brussels ;   Journal  of  Forestry,  Nature  and 

tlie  Greenwich  Observatory,  London  ;  Natural  History  Society, 

and  American  Statistical  Association,   Boston;    Museum  of 

Comparative    Zoology,    and   the    Astronomical  Observatory 

of  Harvard  College,  Cambridge;  Franklin  Institute,  American 

Journal  of  the  Medical  Sciences,  Journal  of  Pharmacy,  the 

"American,"   and  the  Directors  of  the   Reading   Railroad, 

Philadelphia ;    West  Chester  Philosophical  Society ;    U.   S. 

National  Museum,  Washington ;  and  the  Ministerio  de  Fomento, 

Mexico. 

On  motion  of  Prof.  Kendall,  Mr.  Lesley  was  elected  Libra- 
rian. 

Tlie  following  members  were  placed  upon   the   Standing 
Committees: 

Finance.  Hall. 

Eli  K.  Price,  S.  W.  Roberts, 

Henry  Winsor,  J.  S.  Price, 

John  Price  Wetherill.  W.  A.  Ingham. 

Publication,  L  ibrary, 

J.  L.  LeConte,  Eli  K.  Price, 

D.  G.  Brinton,  C.  P.  Krauth, 

E.  Thomson,  R.  S.  Kenderdinc, 
C.  M.  Cresson,  E.  J.  Houston, 

G.  H.  Horn.  Henry  Pliillij)s,  Jr. 

^  letter  from  Dr.  J.  T.  Rotbrock,  of  December  20,  1881, 

^^OC.  AMSB.  PHIL08.  80C.  XX.  111.  Z.      PRINTED  APRIL  14.    1882. 
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with  a  request  for  the  loan  of  the  Muhlenberg  Herbarium 
to  Dr.  Gray  of  Harvard,  was  read ;  and  it  was,  on  motion, 

Besolved,  That  the  Secretary  be  authorized  to  deliver  to  the  order  of  Dr. 
Gray,  the  Muhlenberg  Herbarium,  in  whole  or  in  part,  on  the  receipt  of 
his  agent  to  return  the  same. 

Resolved,  That  ten  dollars  be  appropriated  for  the  payment  of  the  ex- 
pense of  labeling  the  Herbarium,  in  accordance  with  Dr.  Gray's  forth- 
coming work. 

On  scrutiny  of  the  ballot-boxes  the  following  i^rsons  were 
declared  duly  elected  members  of  the  Society  : 

Mr.  William  Blades,  of  London. 

Mr.  William  Trautwine,  of  Philadelphia. 

Rev.  Samuel  Savage  Lewis,  of  Cambridge,  England. 

Mr.  William  Jefferis,  of  West  Chester,  Penn. 

Hon.  Washington  Townsend,  of  West  Chester,  Pa. 

And  the  meeting  was  adjourned. 


Stated  Meeting^  February  S^  1882. 
Present,  0  members. 

President,  Mr.  Fralev,  in  the  Chair. 

Letters  of  envoy  were  received  from  the  Muj-^e  Guimet, 
dated  Lyoas,  January  7,  1882 ;  11.  Scheftler,  Braunschweig? 
December  6, 1881 ;  and  the  Torrey  Botanical  Club,  7  Waverlv 
Place,  N.  Y.  City,  January  21,  1882. 

A  letter  of  thanks  for  the  action  of  the  Society  at  it^  \^^ 
meeting  in  regard  to  the  Muhlenberg  Herbarium,  was  receiv^*^ 
from  Dr.  Asa  Gray,  dated  Cambridge,  January  25,  1882. 

A  letter  from   Mr.  Leighton  Hoskins,  dated  Philadelphia *• 
February  8,  1882,  requesting  the  loan  of  the  volumes  of  tb^^ 
Ercolano  Bronzi  in  the  Library,  was  referred  to  the  Secretari^-^^ 
with  power  to  act, 

A  circular  letter  was  received  from  the  Royal  Society  c^^ 
New  South  Wales,  dated  Sidney,  November  2,  1881. 

Donations  for  the  Library  were  received  from  the  Depari::^'  ^ 
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nent  of  Mines,  Melbourne ;  Royal  Academies  at  Berlin,  Rome, 
md  Brussels ;  Zoologisclier  Anzeiger,  Leipzig ;  Dr.  Hermann 
Mjheffler,  Braunschweig ;  Revue  Politique,  Paris ;  Society  of 
Commercial  Geography,  Bordeaux ;  Royal  Astronomical  So- 
jiety,  Oobden  Club,  and  Nature,  London ;  Natural  History 
Society,  Boston ;  Harvard  College  Library ;  American  Jour- 
lal,  New  Haven;  Numismatic  and  Archaeological  Society, 
ind  Torrey  Botanical  Club,  N.  Y.  City;  Engineers'  Club, 
Penn  Monthly,  the  American,  and  Mr.  Henry  Phillips,  Jr., 
Phila. ;  U.  S.  Census  Bureau,  Washington ;  and  Prof.  N.  H. 
Winchell,  St.  Paul. 

Prof.  John  Hagen's  paper,  "  On  the  inclination  of  the  appa- 
"ent  to  the  true  horizon,  and  the  errors  rising  thereof  in  Tran- 
sit, Altitude  and  Azimuth-Observations,"  was  submitted  for 
(,he  Proceedings. 

Me.  Ashburner  exhibited  a  specimen  of  Colorado  Anthra- 
cite, and  spoke  of  its  composition. 

Remarks  on  the  subject  were  made  by  Messrs.  Price  and 
Britton. 

Pending  nomination  No.  935  and  new  nominations  Nos.  951 
to  955,  w^ere  read. 

Mr.  Henry  Phillips,  Jr.,  for  the  Committee  on  the  Celebra- 
ion  of  the  Birthday  of  Franklin,  made  the  following  report, 
v'hich  was  accepted  and  the  Committee  discharged. 

January  28,  1882. 

\.  special  meeting  of  the  Society  was  held  this  evening  at  six  o'clock,  at 
le  Social  Art  Club,  No.  1811  Walnat  Street,  pursuant  to  a  resolution  of 
le  Society  to  celebrate  the  Birthday  of  Benjamin  Franklin  by  a  subscrip- 
on  dinner,  at  which  were  present : 

P^^^iderU—Fredenck  Fraley. 

SecT-etary^Ds^niel  G.  Brinton,  M.  D. 

C%*fatar«— Charles  M.  Cresson,  M.  D.,  Henry  Phillips,  Jr. 

^«a««,,.er— J.  Sergeant  Price. 

CouneiUors—Bohen  E.  Rogers,  M.  D.,    Henry  Winsor,    William  A. 

Member$—Q,  D.  Gross,  M.  D.,  Robert  H.  Allison,  M.  D.,  WUliam  Sel- 
'*»»  Bckley  B.  Coxe,  William  Pepper,  M.  D.,  C.  N.  Pcirce,  M.  D.,  Joseph 
*•  Wiiaon,  J.  Blodget  Britton,  Theo.  G.  Wormley,  M.  D.,  Wm.  B.  Rog- 
ei*.  Jr.,  B.  B.  Comegys,  William  Thomson,  M.  D.,  John  Welsh,  Morrit 
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Longstrelh,  M.  D.,  Henry  Hartshorne,  M.  D.,  J.  Price  Wetherill,  Carl 
Seller,  M.  D.,  William  Goodell,  M.  D.^  Frank  Thomson,  Robert  Patteraon, 
Edward  D.  Cope,  Charles  S.  Wurts,  M.  D. 

Dinner  was  then  served,  and  interesting  addresses  were  delivered  by 
Frederick  Fraley,  President ;  S.  D.  Gross,  M.  D.,  Hon.  John  "Welsh,  Rob. 
ert  E.  Rogers,  M.  D.,  William  Pepper,  M.  D.,  Eckley  B.  Coxe,  and  E. 
D.  Cope,  and  at  10  o'clock  p.  m.  the  meeting  adjourned. 

Mr.  Aslibumer  introduced  the  subject  of  a  bill  before  Con- 
gress for  establishing  a  Government  Bureau  of  Mines. 

On  motion  of  Mr.  Price,  the  consideration  of  the  propriety 
of  the  Society's  recommending  to  Government  either  the  es- 
tablishment of  such  a  bureau,  or  the  establishment  of  an  execu- 
tive department  to  take  charge  of  the  agricultural,  mining 
and  commercial  interests  of  the  nation,  was  referred  to  a  com- 
mittee consisting  of  the  President,  Mr.  Fraley,  as  Chairman, 
Mr.  Ashburner  and  Mr.  Price. 

And  the  meeting  was  adjourned. 


On  the  Inclination  of  the  Apparent  to  th^  True  Horizon  and  the  Erron 
rising  thereof  in  Transit,  Altitude,  and  Azifnut?i- Observations.  By  John 
Hagen,  S.  J.,  College  of  tJic  Sacred  Heart,  Prairie  Du  Chien,  Wisconsin. 

(Read  before  the  American  Philosophical  Society,  February  3,  1882.) 

In  the  year  1875,  Mr.  Ilann,  editor  of  the  "  Zeitsehrifl  der  Oesterreiclii- 
sclicn  Gesellschaft  fiir  Meteorlogic,"  called  attention  to  a  special  kind  oC 
irregularities  in  the  figure  of  the  earth,  which  hitherto  were  not  sufficiently 
taken  iuto  account.  According  to  him  the  most  important  perturbation  of  \ 
ellipsoidal  Urel  of  the  sea  arises  from  the  continents  attracting  the  toatert  (t* 
the   surroumling  oceans.     (See   Mitthcilungen   der  geogr.    Gcsellsch.  V 
Wien,  N.  12,  1875.)     lie  supports  his  statement  by  the  fact,  that  thecoi 
tinents  are  to  be  compared  to  large  mountains,  which  by  necessity,  mn^^ 
disturb  the  level  of  the  sea  in  the  same  way,  as  the  Cordilleras  of  Scut" 
America,  the  Apennines  in  Italy  and  the  Shehallien  in  Scotland  wereabl 
to  deviate  the  plumb-line,  and  again  by  the  fact,  that  the  force  of  gravity ' 
islands  was  in  average  found  greater  than  was  forecast  by  calculation,  fro" 
which  Dr.  Ilann  concludes  that  the  level  of  the  oceanic  islands  be  low 
than  that  of  the  shores  of  the  continents.    He  estimates  in  general  the  vt=J-J^ ^ 
tical  distance  between  the  disturbed  and  the  undisturbed  level  of  the  J*-  ^ 
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to  more  than  one  thousand  meters,  and  finally  proposes  the  following 
problem  to  be  solved  : 

To  find  such  an  Ellii)6oid  of  Revolution,  1,  as  has  the  volume  of  the 
Barth;  2,  that  the  sum  of  the  Earth's  elevations  and  depressions  with  regard 
to  this  Ellii)6oid  become  a  minimum. 

This  problem,  however,  as  given  by  the  author,  seems  to  be  indeter- 
mined,  unless  a  third  condition  is  added,  viz. :  that  the  rotation  axis  of  the 
Ellipsoid  is  parallel  to  that  of  the  Earth  and  their  centres  coincide. 

Mr.  Hann  is  of  the  opinion  that  the  solution  of  this  problem  would  afford 
the  solution  of  another  problem,  open  already  a  century  ago,  viz. :  the 
answer  to  the  question,  why  the  meridian  mensurations  and  the  observa- 
tions of  the  second's  pendulum,  made  on  difierent  points  of  the  surface  of 
the  Earth,  afford  such  different  values  for  the  compression  of  the  Earth  ? 
These  observations,  he  says,  ought  to  be  reduced  not  to  the  actual  level  of 
the  sea,  but  to  the  level  of  that  regular  ellipsoid  to  be  found  by  the  above 
problem,  whose  compression  could  then  be  found  ft'om  these  observations 
with  greater  accordance. 

The  treatise  here  published  is  intended  not  to  solve  Hann's  problem,  but 

to  take  one  step  farther  towards  its  solution.    This  solution  seems  to  be  an 

impossibility  as  long  as  the  inclination  of  the  apparent  towards  the  true 

horizon  is  not  known,  for  as  many  places  as  possible,  both  as  to  magnitude 

and  direction.     On  the  following  images,  therefore,  the  formulas  shall  be 

developed  by  which  both  the  influence  of  this  inclination  on  astronomical 

observations  will  be  shown  and  the  way  suggested,  how  to  determine  its 

magnitude  and  direction.     Astronomers  are  well  aware  of  the  influence 

tbat  the  deviation  of  the  plumb-line  exerts  on  finding  the  longitude  and 

latitude  of  a  place  and  have  begun  to  distinguish  between  the  geodetic 

and  the  astronomical  position  of  a  place.     By  tlic  latter  expression  they 

mean  the  longitude  and  latitude  of  the  apparent  horizon;  in  other  words, 

the  appar^nf  longitude  and  latitude  of  a  place.*    It  is,  however,  evident, 

thsLi  for  parallactic  observations  and  especially  for  the  transits  of  Venus 

and  Mercury,  not  the  apparent  but  the  true  longitude  and  latitude  are 

needed.    Consequently  the  following  pages,  though  not  giving  direct 

in<3^ii8  for  finding  the  true  position  of  an  obscrvator}',  might  be  of  some 

interest,  as  they  at  least  call  attention  to  the  errors  caused  by  the  inclina- 

tioEL  of  the  horizon  on  astronomical  observations. 

I^«t  the  pole  of  the  true  or  mathematical  horizon  be  denoted  by  Z,  and 

that  of  the  apparent,  or  as  we  may  call  it,  physical  horizon  by  Z',  then  the 

arc  Z  2'  represents  the  inclination  of  the  latter  towards  the  former  as  to 

iD'^Snitude  and  direction.    We  resolve  it  into  two  rectangular  components, 

one  of  which  a  may  lie  in  the  vertical  plane  of  the  instrument  used,  its 

positive  direction  being  towards  the  ** sight-line"  of  the  observer,  while 

the  otb.er  component,  fi,  may  be  positive  right-hand  of  the  observer.    In 

^**^  of  an  artificial  horizon  part  of  tlie  inclination  a  may  be  caused  by  the 

^<yrx.~Aboat  this  distinction  see  ChauveneVs  Manual  of  Spherical  and  Prac- 
"cal  ABtronomy,  Vol.  I,  Art.  88, 160,  213. 
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instrument  and  the  piers  on  which  it  rests,  hence,  the  distance  of  the  arti- 
ficial horizon  varying  with  the  zenith  distance  of  the  object  observed,  this 
part  of  the  inclination  a  will  be  a  function  of  the  zenith  distance,  while  the 
rest  as  well  as  the  inclination  ^  will  be  the  same  for  the  same  azimuth. 
Now  it  will  not  be  difficult  to  convince  oii^^^Xi  thai  the  indinaiion  a  cannot 
influence  hut  tJu  observation  of  zenith  distances  and  the  inclinaHan  fi  but  that 
of  azimuths  and  hour-angles.  Nor  is  it  difficult  to  foresee,  that  the  inclina- 
nation  a  will  have  a  similar  eScct  as  the  flexure  of  the  telescope  and  gradu- 
ated circle  on  account  of  their  gravity,  while  the  inclination  y9  is  compara- 
ble to  the  inclination  of  the  horizontal  rotation  axis  to  the  true  horizon. 
The  former  two  are  functions  of  the  zenith  distance  and  may  therefore  be 
represented  by  periodic  series,  whoso  terms  involve  the  sines  and  cosines 
of  its  multiples,  while  the  latter  two  are  merely  functions  of  the  azimuth. 

Part  T. — Influence  of  the  inclination  ^3  on  Azimuth-  and  Hour-angle  Ob- 
servations, 

We  shall  first  suppose  any  altitude  and  azimuth  instrument  exactly  ad- 
justed so  that  the  axis  of  collimation  describes  a  great  circle  passing  through 
the  true  zenith,  and  consider  the  influence  exerted  by  the  inclination  of 
the  artificial  horizon  on  observations  by  reflection. 

1.  Fundamental  Formulas. 

If  C  denotes  the  point,  in  which  the  axis  of  collimation  produced  towards 
the  oye-i>iece  meets  the  celestial  sphere,  and  Z  the  true  zenith,  the  arc  ^i 
will  be  perpendicular  on  the  vertical  plane  C  Z  in  the  point  Z.     (Fig.  1.  > 

FIG.l. 
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Again  if  throuji;!!  the  end  of  the  arc  ^i  and  through  C  a  great  circle  is  put. 
the  observed  object  S  will  be  in  this  circle  in  the  moment,  when  its  re- 
flected image  passes  over  the  middle  thread  of  the  telescope.  From  S  let 
a  perpendicular  be  drawn  on  the  vertical  plane  of  the  instrument,  which 
may  be  intersected  in  S',  and  let  S  and  Z  be  joined  by  the  arc  of  a 
great  circle.  Finally,  let  the  small  angles  at  Z  and  C  be  denoted  respec- 
tively by  d  A  and  (',  and  ^j  be  taken  positively  right-hand  of  the  observer. 
Then  we  are  not  to  forget,  that  Z  C  =  Z  S,  i.e.,  equal  to  the  true  zenith 
distance  z  of  the  observed  object  in  tin*  moment  of  observation.  Now  in 
the  isosceles  triangle  S  Z  C  we  have 

cos  z  =  cot  C  sin  d  A  —  cos  z  cos  d  At 
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r>r  introducing  the  angle  ^^  instead  of  C  by  the  formula 

tan  ^3f  =  tan  C  sin  z 

-we  have 

(I  +  cos  d  A)  tant  ^  =  tan  z  sin  d  A, 

or  simpler, 

d  J  =  2  ^9  cot  z,  (1) 

i^hich  is  the  correction  of  the  nzimuth,  for  ol)scrvation8  by  reflection-. 
There  the  azimuth  is  to  be  reckoned  from  south  to  west  etc.,  and  (i  right- 
hand  of  the  observer. 

The  correction  of  the  hour-angle  may  be  derived  from  formula  (1)  by 
means  of  the  well-known  ditlerential  formula, 

__       sin  z 
*"-"co8<Jcosp"^' 

^'hcre  p  denotes  the  parallactic  angle  and  d  the  declination  of  the  observed 
object.     Tlius  we  find 

cos  z 

'''  =•«  .^  C08  ,J  CO,  p  (2) 

For  upiKjr  or  lower  culminations  we  have  cos  p  ^  1,  hence 

cos  z 
•It  =  ^»  Fob  s-  ^'^ 

For  the  sake  of  verifiwition,  this  last  formula  may  also  be  derivedln  the 
following  way.  Considering  the  great  circle  C  Z  S'  as  the  meridian  and 
joining  S  with  the  north  ynAe  N  we  have  in  the  triangle  S  S*  N 

sin  S  S^ 

sm  dt  =    ^-     ^  . 
cos  rj 

But  in  the  triangle  S  S^  C  we  have  in  like  manner 

tan  9  S^  =  tan  C  sin  2  z, 

since  Z  S*  may  be  put  equal  to  z  and  finally  we  have  as  above 

tan  ,3  =  tan  C  sin  z, 
hence, 

sin  2z 

tan  S  S*  =  tan  ,5      --J  =  2  tan  ,S  cos  z 

'     sm  z  ' 

and  consequently  by  combining  the  first  and  la<%t  cciuation  and  supposing 

dt  and  fi  to  be  very  small  angles 

cos  z 
^'  =  3  -J  cos  r  (2-) 

2.   2?i€  azimuth  instruments. 

The  correction  of  the  azimuth  for  the  observation  by  reflection 

d. -I  =2, 5  cot  z  (1; 

has  the  meaning,  that  in  sbch  observations  the  actual  reading  of  t/ie  azi- 
muth is  by  d  A  too  em'iU,  as  long  as  ^3  is  j>ositive  right-hand  of  the  observer. 
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If  we  now  compare  this  correction  with  that  for  the  inclination  of  the  hori- 
zontal rotation  axis  to  the  true  horizon  we  find  both  coincide  except  their 
constants.  For  if  b  denotes  the  elevation  of  the  right-hand  end  of  this 
axis  above  the  true  horizon,  the  correction  of  the  azimuth  is 

—  for  direct  image. 


f  —  for  direct  mxas 
d^  =  =Fbcotz|^  "  reflected" 


as  may  be  found  in  any  Manual  of  Spherical  Astronomy.    Joining  both 
corrections  we  have 

for  direct  image  d  A  =  —  b  cot  z 

*'  reflect.     '*    d  A  =  (2/9  +  b)  cot  z  =  —  (b  —  d)  cot  z. 
if  we  put 

d  =  3  (^9  +  b)  (8) 

Hence  the  usual  formula  for  correcting  azimuth  observations  is  to  be 
modified  for  observations  by  reflection.  For  direct  observations  this  form- 
ula is 

a  =  J  +  J  A  —  b  cot  z  —  c  cosec  z,  (4) 

where  a  denotes  the  absolute  azimuth  of  the  observed  object,  A  the  actnal 
reading,  J  A  the  index  correction  of  the  circle,  so  that  A  +  A  A  denotes 
the  azimutli  counted  from  the  meridian  point  of  the  circle,  b  denotes  as 
above  the  elevation  of  the  right-hand  end  above  the  true  horizon  and  9(P 
-|-  c  is  the  angle  formed  by  the  axis  of  collimation  with  this  same  end. 
Hence  for  observations  by  reflection  we  liave 

a  =  /I  -|-  J  J  —  (b  —  d)  cot  z  —  c  cosec  z  (5) 

where  z  is  not  the  reading  of  the  vertical  circle,  but  the  zenith  distance  of 
the  observed  object.  As  we  have  defined  the  constant  b  as  the  inclination 
of  the  horizontal  rotation  axis  to  the  tru^  horizon,  we,  of  course,  cannot 
find  it  in  the  usual  way  with  the  striding  level,  this  instrument  being  itself 
inclined  to  the  true  horizon  by  the  unknown  angle  ^9.  Hence  we  shall  first 
find  the  constant  d  =  2  (^5  -f-  b),  which  may  be  done  in  two  ways,  first  by 
the  striding  level  applied  to  the  horizontal  axis,  which  will  give  us 

and  secondly  by  observing  the  direct  and  reflected  images  of  stars.  Let 
0  be  the  sidereal  time,  when  the  direct  image  of  a  star  |)asses  over  a  cer- 
tain azimuth  and  0^  the  sidereal  time,  when  the  reflected  image  of  the  same 
star  passes  over  the  same  azimuth,  then  we  have  the  two  equations 

direct  image  i\  =  A  -\-  J  A  —  b  cot  z  —  c  cosec  z. 
r(;flect.     "     »}  =  A  +  J  A  —  (b  - d)  cot  z*  —  c  cosec  z\ 

If  now  the  observed  star  did  not  pass  very  near  the  zenith,  we  may  ne- 
glect the  two  quantities 

1)  (cot  z  —  cot  z^)  and  c  (cose(?  z  —  cosec  z') 

as  small  of  the  second  order  and  find  by  subtraction  of  the  above  equation^ 

d  a^  —  a 

—  =  ^3f  -f.  b  =       o       tan  7,,. 
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For  z^  may  be  taken  the  mean  value  of  the  two  nearly  equal  zenith  dis- 
tances z  and  zS  and  if  the  inatrument  had  no  vertical  circle,  it  may  be 
computed  fh)m  the  declination,  the  latitude  and  the  mean  hour  angle. 
Again  we  have 

*' —  =  IT  (*•  -  "> 

d  A 
where  — ~-  denotes  the  variation  of  the  azimuth  in  the  unit  of  time  for  the 
dt 

moment  \  {0^  -f  $), 

Thus  &r  it  has  been  shown,  how  to  find  the  value  of  d  for  one  single 

azimuth,  but  it  will  be  necessary  to  liavc  the  means  of  computing  it  for 

any  azimuth.    From  the  theory  of  the  azimuth  instruments  it  is  known, 

that  b  is  represented  by  the  formula 

b  =  i-i„cosC4— J„), 

where  i  denotes  the  inclination  of  the  horizontal  axis  to  the  azimuth  cir- 
cle, i^  the  inclination  of  this  circle  to  the  true  horizon,  while  A  is  the  azi- 
muth of  the  observed  object  and  A^  a  constant  explained  by  the  formula 
itself.  The  inclination  ^  of  the  artificial  horizon  may  be  represented  by  a 
similar  formula 

,?  =  —  !,  sin  (^—^),  (6) 

where  i,  is  the  constant  deviation  of  the  plumb  line  caused  by  local  irregu- 
larities in  the  figure  and  density  of  the  earth,  Ai  the  azimuth  of  its  direc- 
tion and  A  the  azimuth  of  the  observed  object.    Hence  we  find 

id  =  ^  +  b  =  i-i„cos(^  — ^„)--ii8inU— ^i) 

=  i  —  cos  A^\  cos  A^  —  ii  sin  A^  —  sin  A  (io  sin  Ao  +  h  cos  Ai) 
or  if  we  put 

io  cos  i4o  —  ii  sin  Ai  =  i,  cos  A^ 

io  sin  A^  +  ij  cos  Ai  =  i,  sin  Ai 

^mre  find  by  a  simple  transformation 

J  d  =  ^^  +  b  =  i  —  i,  cos  (.4  —  A^)  (8) 

To  find  the  three  constants  i,  i,  and  A^  three  observations  arc  sufficient, 
Tvbich  may  be  equally  distributed  in  the  usual  way.  Let  d^,  d,,  d,  be  the 
values  of  d,  corresponding  to  the  three  azimuths  A,  A  +  120°,  A  +  240* 
-we  find  from  (8) 

J  di  =  i  —  ia  cos  (A  —  A^) 

i  d^  =  i  +  i  i^coB  {A  —  A,)  +  i  i,sm  U-^A^)  Vd 

J  d,  =  i  +  j  i,  cos  (.-J  —  At)  —  i'li  sin  (A  —  A^)  1/3" 

and  by  adding  and  subtracting  these  equations 

i  =  JGli  +  d,-f  d,) 
i,  cos  {A  —  At)  =  i  (d,  +  d,  — 2di) 

i,  sin  (J  —  At)  =  ^^  (d,  —  d,.)  (9) 

If  therefore  either  of  the  methods  mentioned  before,  viz.,  by  the  striding 
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level  or  by  observations  of  the  direct  and  reflected  image,  is  applied  to 
three  difierent  azhnuths,  dividing  the  circle  into  three  equal  parts,  the  three 
constants  i,  i,  and  At  m^y  be  found  by  these  formulas,  and  hence  also  the 
constant  ^d  may  be  computed  for  any  azimuth  by  the  formula 

Jd  =  i  —  i,  cos  U  —  At)  (8) 

Thus  we  sec,  that  b  cannot  be  obtained  in  the  usual  way,  before  the  col- 
limation  constant  c  has  been  found.  But  if  the  time  is  known,  we  may 
succeed  in  finding  c  in  the  following  way:  Let  d  be  the  sidereal  time, 
when  the  direct  image  passes  over  any  azimuth,  and  0^  the  time,  when  the 
same  star  parses  over  the  same  azimuth  of  the  reversed  instrument,  then 
we  have  the  two  equations 

a^=J  +  JJ  —  bcotz  —  c  cosec  z 
a^  =i  A  +  J  A  —  b  cot  z*  +  c  cosec  z*. 
If  again  the  star  in  the  moment  of  observation  did  not  pass  ver^^  near 
the  zenith,  the  quantity  b  (cot  z  —  cot  z*)  may  be  neglected  as  small  of  the 
second  order,  hence  we  find  by  subtraction  of  the  two  equations 

c  =  J  (a*  —  a)  sin  z^ 
where  z^  is  a  mean  value  of  z  and  z^  and  may  be  computed  fh)m  the  dec- 
lination, the  latitude  and  the  moan  hour-angle.     Again  Ave  have 

a'  — a=  dt   (^'  — ^) 

d^ 
where   tt-  denotes  the  variation  of  tlie  azimuth  in  the  unit  of  time  for  the 

moment  J  ((f^  -f-  0). 

If  we  now  suppose  the  reading  of  the  azimuth  corrected  as  to  the  colli- 
mation  constant,  equation  (4)  becomes 

(i  =  A  +  J  A  —hcot.  z.  (4») 

Again,  if  we  observe  the  time  of  transit  over  tlic  same  azimuth  for  different 
stars,  any  two  observations  will  atlord  an  equation  of  this  form. 

a^  —  a  sin  z*  sin  z 

b  =  eot  z  —  ct)t  z^  ~  ^"'  ""  *^  sin  (z^— z)' 

The  factor  of  (a^  —  a)  will  turn  out  very  small,  consequently,  b  will  l)e 
found  with  great  exactness,  if  any  star  near  the  zenith  is  combined  with 
any  near  the  horizon.  The  quantities  a  and  z  may  be  computed  from  the 
hour-angle  t  by  the  formulas 

sin  z  sin  a  =  cos  o  sin  t 

sin  z  cos  a  =^  —  cos  ^  sin  5  -|-  sin  (p  cos  8  cos  t, 

where  d  denotes  the  declination  of  the  star  and  ^  the  latitude  of  the  place. 
The  latter  etpiation  may  be  changed  into  the  following  form,  more  ct>n- 
venient  for  logarithmic  computiition  : 

sin  z  cos  a  =  —  m  cos  (  ^  -f  ^^)' 

if  we  put 

sin  o  =  m  cos  M,  cos  o  cos  t  =  m  sin  M. 
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X  €^    thas  b  is  found  for  any  azimuth,  J  A  may  be  computed  iVom  (4^) . 
Gt  b  varies  with  the  azimutli  and  is  represented  by  the  formula 

b  =  i  —  io  cos  ( J  — -  Ao)' 
constant  i  is  already  known  fVom  the  equations  (9)  and  hence  it  is 
enough  to  find  b  for  any  two  azimuths  in  order  to  find  i^  and  Ao-    If  we 
cYioosc  the  two  azimuths  A  and  A  +  90",  we  find 

bi  —  i  =  —  io  cos  (A  —  Jo) 
b,  —  i  =  +  io  sin  {A  —  A^), 

^y    "w^hich  equations  the  two  quantities  i^  and  Aq  are  fully  determined. 
Thus  we  are  able  to  compute  b  for  any  azimuth  by  the  formula 

b  =  i  —  i,  cos  ( J  —  A,y 

B\it  from  (7)  we  have  the  equations 

ii  sin  .4i  =r  +  i,  cos  A^  —  i,  cos  A^  ^ 

ij  cos  -4,  =  —  i©  cos  A   +  i,  sin  J,  j  ^    ^ 

^y  which  we  finally  find  i|  and  Ai,  i-  e.,  the  constant  inclination  of  the  ap- 
parent to  the  true  horizon,  as  far  as  it  is  caused  by  irregularities  in  the  sur- 
&ce  of  the  Earth,  and  the  azimuth  of  its  direction.  This  constant  inclina- 
tion ij  however,  is  not  yet  the  total  inclination  Z  Z^  since  large  instru- 
Qients  together  with  their  piers  may  cause  an  inclination  of  the  artificial 
*»orizon  variable  with  the  zenith  distance  of  the  observed  object,  as  will 
^  seen  in  Part  II. 

Finally,  attention  must  be  called  to  two  things.  First,  if  the  observa- 
tions mentioned  above  are  made  on  different  days,  the  positions  of  the 
■^^TB  are  to  be  reduced  to  a  common  epoch,  best  to  the  beginning  of  the 
yc^r.  Secondly,  though  we  have  found  the  formulas  for  finding  the  con- 
'^Qt  inclination  of  the  apparent  to  the  true  horizon  as  to  magnitude  and 
^ij^ction,  we  are  not  to  forget,  that  these  formulas  suppose  the  perfect 
knowledge  of  the  latitude  and  time  of  the  place. 

3.  The  Transit  instrument  in  the  Meridian. 

T'he  correction  of  the  hour-angle  for  observations  by  refiection 

^     cos  z 
*>»  =  2  /9  cos  „^  (2') 

^  the  meaning,  that  in  the  moment,  when  the  reflected  image  of  any  ob- 
^^  passes  over  the  middle  thread  of  this  instrument  its  actual  hour-angle 
"  ^  Sor  upper  transits  and  18(P  -j-  dtfor  lower  transits,  if  b  is  reckoned 
piwitive  right-hand  of  the  observer.  Yet  for  these  instruments  the  inclina- 
^^^  gS  of  the  apparent  horizon  remaining  always  on  the  same  side,  it  will 
w  found  more  convenient  to  take  jS  positive  towards  west  and  conse- 
^luently  to  write  the  corrections  for  lower  transits  as  follows  : 

^     cos  z 
^t  =  -  3  <J  cos-5 

^\iile  dt  always  denotes  the  increment  of  the  hour-angle,  which  is  reckoned 
in  the  usual  way  from  south  to  west. 
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For  upper  culminations  we  have 

z  =  -f  (^  —  d)  culmination  south  of  the  zenith 
z  =  — (^  — ^)  "         north    " 

and  for  lower  culminations  z  =  18(P  —  (f  +  9),  hence  the  corrections  for 

the  hour-angle  are 

cos  (^  —  J) 
for  upper  culm,  dt  =  2  yS  — ^^ — 

cos  (rp  +  J) 
"  lower     -     dt  =  3,S— ^^^. 

If  again  wc  compare  this  correction  with  the  one  for  the  rotation  axis 
not  lying  parallel  to  the  horizon,  we  find  them  coincident,  except  the  con- 
stant. For  if  b  denotes  the  elevation  of  the  west  end  of  the  rotation  axis 
above  the  true  horizon,  we  have  the  usual  formula  for  upper  culminations 

_     cos  (y  —  d)  c  —  for  dh-ect  image 
*^^-""^"        cos  a        (-\-   ''  reflect.    " 


and  for  lower  culminations 


_  _     co8(<p  -M)  C  —  for  direct  image 
dt h  b        ^ --^        I  _^   .,  reflect.    ** 

where  dt  has  the  same  meaning  as  above.    Joining  the  two  corrections  and 
putting  2  (^5  -f  b)  =  d,  as  before,  we  find 

For  upper  culminations. 

cos  ((p  —  ii) 


direct  image  dt  =  — 


cos  f> 


cos  (<p  —  d) 
reflect.     "     dt  =  —  (b  —  d)  -  ^^^  ^  -  - 

For  lower  culminations. 

cos  (<p  -f  d) 


direct  image  dt  =  — 


reflect.     "      dt  =  —  (b  —  d) 


cos  fj 

cos  ((f  '\-  8) 

cos  d 


(11) 


wliere  dt  denotes  the  increment  of  the  hour-angle.  We  need  not  consider 
separately  the  foriuulas  for  lower  culmination,  as  we  may  deduce  them 
from  those  for  upper  culmination  at  any  time  by  simply  substituting 
180O  —  d  for  ^. 

In  consequence  of  these  considerations  the  formulas  of  Tobias  Mayer, 
Bessel  and  Ilanscn  are  to  he  modified  for  observations  by  reflection  as  fol- 
lows :  Mayer's  fonnula  is  the  following 

cos  (y  -f  o)  sin  {<f  —  d)  c 


cos  d 


cos  (i 


cos  d 


where  r  =  —  dt  is  the  hour-angle  east  of  the  meridian,  b  the  elevation  of 


the  west  end  of  the  rotation  axis  above  the  trae  horizon,  9(P  —  k  the  asi^ 
mnth  of  this  west  end  and  WP  +  c  its  angle  with  the  line  of  coUimation. 
Bessel's  formula  is 

r  =  m  -f  n  tan  S  +  csec  St 

and  finally,  Hansen's  formula 

r  =  b  sec  ^  4-  ^  (^^^  ^  —  ^^  f )  +  <^  s^c  d, 
Tvhere  n  denotes  the  declination  of  the  west  end  of  the  rotation  axis  and 
9<P  —  m  its  hour-angle.    All  these  constants  are  in  the  following  relations 
to  each  other : 

n  =  b  sin  ^  —  k  cos  ^  b  =      n  sin  ^  4-  m  cos  ^     > 

m  =  b  COB  ^4*^8^1^^  k  =  —  ^  cos  ^  +  m  sin  ^     ]"     ^  ^ 

For  observations  by  reflection  the  constant  b  and  consequently  m  and  n 
are  to  be  changed,  say  into  b*,  mS  n\  by  the  following  formulas  : 

V  =      —2   /?  — b  =b  — d 

m*  :=  m  —  2  (/5  +  b)  cos  ^  =  m  —  d  cos  ^ 

n^  =  n  —  2  (^5  +  b)  sin  ^  =  n  —  d  sin  ^. 

Hence  the  three  formulas  of  flayer,  Bessel  and  Hansen  become  for  obser- 
vations by  reflection, 

T  —  CD  —  a;       ^^^       +  k       ^^  ^       +  cos  ^ 

cos  (^  —  d) 

T=m  +  ntan^  +  csec^  —  d  — ^^^-^ — 

T  =  (b  —  d)  sec  ^  ^  (n  —  d  sin  ^)  (tan  S  —  tan  ^)  +  c  sec  ^. 

As  to  determining  the  constants  of  these  formulas,  it  will  be  seen,  as  in 
case  of  the  azimuth  instruments,  that  they  cannot  be  found,  unless  the 
time  of  the  place  be  known.  First  wo  will  find  the  constant  d,  which  may 
be  done  in  two  different  ways,  viz :  by  the  striding  level,  which,  being 
itself  inclined  to  the  true  horizon  by  the  angle  ^9,  cannot  give  the  value  of 
b,  but  it  gives  the  value  of 

,5  +  b  =  id; 
or  by  observing  the  transits  of  the  direct  and  reflected  image  of  a  star. 
Let  T  and  'P  be  the  mean  values  of  time  for  all  the  transits  reduced  to  the 
middle  thread  for  direct  and  reflected  image,  J  T  the  clock  correction  on 
sidereal  time  and  a  the  star's  apparent  right  ascension,  then  is  evidently 
a=T+JT  +  T,  hence 

cos  (tr — S)         sin  («>  —  ,5)         ^ 
for  direct  image  a  =  T  +  J  T         +  b  -  --^^-.  -^  +  k  -^^y-  +  j^^ 

cos  (a>  —  ii)         sin  (tp  —  r5)  c 

"reflect    "     arsT^- jT-j- (b  — d) — ^^  ^— 4-k — ^^ — ^ -h i 

X  -r  ^  *  T  v»^      vAj       ^.^g  J      -r  cos  r)        '  cos  (J 

and  by  subtraction 

d  ,        T'  — T        co8,5 

T  =  '5+»'=-8-io9(Vi,)  (13) 
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which  determination  will  be  the  more  exact,  the  greater  cos  (^  —  d),  £. «.  the 
nearer  the  observed  star  passed  by  the  zenith. 

The  collimation  constant  is  found  in  the  usual  way  either  by  reverBlng 
the  axis,  or  by  using  two  horizontal  collimating  telescopes,  and  the  con- 
stant n  by  observations  of  the  upper  and  lower  culmination.  If  then,  we 
suppose  the  times  of  transit  already  corrected  as  to  the  errors  arising  fVom 
c  and  n,  we  find  from  Bessel's  formula 

for  direct  image  a  =  T  4-JT  +  m 

cos  (a  —  ij) 
'•reflect.     "     a  =  T^  +  jT  +  m  — d — ^^ 

and  from  Hansen's  formula 

for  direct  image  a=T+  JT  +  bsec^ 
"  reflect.     "     a  =  T»  +  -4  T  +  (b  —  d)  sec  ^. 

By  these  formulas  it  is  made  evident,  that  neither  m  nor  b  can  be  found  inde- 
pendently of  the  dock  correction.  But  if  this  is  known,  Bessel's  formaU 
will  give  the  constant  m,  or  Hansen's  formula  b.  The  azimuth  constant 
k  may  be  determined  by  observations  of  upper  and  lower  transits  or  be 
computed  from  (12).    Thus,  b  being  found,  we  may  finally  determine 

t.  e.  the  west  inclination  of  the  apparent  to  the  true  horizon. 
4.  The  Transit  Instrument  in  the  Prime  Vertical. 

m 

From  the  general  formula 

cos  z 

^^  =  '"  '^  cos  r5"ciisp  ^'-^^ 

we  shall  obtain  the  formula  for  the  transit  instrument  in  the  prime  vertlci^^ 
by  finding  the  value  of  cos  p  for  the  azimuth  A  =  9(P  and  substituting  %^t 
in  the  above  formula.     We  have  in  general 

cos  p  sin  z  =  cos  ^  sin  ^  —  sin  S  cos  ^  cos  t. 

But  for  the  prime  vertical  we  have  the  three  special  equations 

sin  z  ^  cos  d  sin  t 

cos  (p  cos  z 

cos  d  = 1 

cos  t 

sin  1)  =  sin  ^  cos  z. 

Substituting  these  quantities  successively  into  the  three  members  of  tie 
general  equation  we  find 

.  cos  p  cos  ^  =  sin  ^  cos  y»  cos  z  tan  t. 
But  from  the  three  formulas  for  the  prime  vertical  follows 

tan  z 

tan  t  =  -  „ 
cos  ^ 

consequently, 

cos  p  cos  fj  =•  sin  ^  sin  z, 
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^Kscre  we  hare  for  observations  by  reflection  with  the  transit  instrument 
n.  t.1^e  prime  rertical  the  correction  of  the  hour-angle. 

*Flie  meaning  of  this  correction  is,  that  in  the  moment,  when  the  re- 

^^cted  image  of  any  object  passes  the  middle  thread  of  this  instrument, 

*^e   (tctual  hour-aThgle  of  the  object  observed  is  9(P  +  dt  or  27(f>  +  (tt,  (i 

^^mg  positive  right-hand  of  the  observer.    Yet  as  also  for  this  instrument 

^^e  inclination  ^  of  the  apparent  horizon  remains  always  on  the  same  side, 

^^  will  be  found  more  convenient  to  take  ^  positive  towards  north  and 

consequently  to  write  the  correction  of  the  hour-angle  as  follows : 

^  ?        I  4-  Star  west 


dt  =  ± 


C-I  + 

;  sm  ^  (  — 


tan  z  sm  ^  (  —    "   east. 

If  we  now  compare  this  correction  with  the  one  for  the  rotation  axis  not 
lying  parallel  to  the  horizon,  we  find  them  coinciding  except  their  con- 
stants. Let  B  denote  the  sidereal  time,  when  the  star  passed  over  the  true 
prime  vertical,  and  T  the  clock  time,  when  it  passed  the  middle  thread  of 
the  instrument,  and  finally,  A  T  the  correction  of  the  clock  on  sidereal 
time,  then  the  theory  of  this  instrument  gives  us  these  formulas  for  direet 
observations 

^  =  T  +  JT  +  SnTsin-^  +  sl^  +  sTT^  S^'  ^^' 

r^  .r^  ^  k  C 

/?  =  T  -I-  J  T  —  ^ .  —  +  -i —  —  -. , —     "    east 

'  tan  z  sm  ^    '    sin  ^       sm  z  sin  ^ 

where  b  denotes  the  elevation  of  the  north  end  of  the  rotation  axis  above 
the  true  horizon,  180^  —  k  the  azimuth  of  this  same  endj  and  90^  +  ^  ^^ 
angle  with  the  sight-line  of  the  telescope.  For  observations  by  reflection, 
X30O  —  z  is  to  be  substituted  for  z,  which  changes  only  the  sign  of  b.  But 
besides  this,  the  artificial  horizon  being  inclined  to  the  north,  the  reflected 
image  will  be  observed  after  the  star  passed  over  the  prime  vertical  in  the 
west  and  before  it  passed  over  the  same  in  the  east.  Hence,  if  we  put 
d  =  2  (^^  -f  b)  as  before,  the  first  fraction  of  the  above  equations  becomes 

b  +  g/g  l>rL^_ 

~  tan  z  sin  ^  —  +  tan  z  sin  <f    ^^^^  ^®®^ 

*b  +  2/9  b-d 

^ <«   east 

tan  z  sin  tp  tan  z  sin  ^ 

Hence  the  two  formulas  for  the  transit  instrument  in  the  prime  vertical 
are  to  be  modified  for  observations  by  reflection  in  the  following  way  : 

^  =  T  +  J  T  +  ^^2  ^  +  ST^  +  sinTW^  Starwest 

_  b  — d  k  c 

^  -  ^  +  ^  ^  ""  Un  z  sin  ^  +  sin  ^  *"  sin  z  sin  ^     "   ^*®^' 

Also  in  this  case  we  shall  see,  that  the  constants  cannot  be  found  without 
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the  time  and  latitude  of  the  place  being  known.  Flnt  d  may  be  deter- 
mined, as  in  former  cases,  either  by  the  striding  lerel,  which  will  give  the 
angle 

Jd  =  b  +  /9, 

or  by  observing  the  direct  and  reflected  image  of  a  star  either  in  west  or 
in  east.    By  subtracting  the  two  corresponding  equations  we  find 

d  Ti  — T 

-2  =  ^  +  b  =  — 2 —  ^^^  ^  ^^^  f » 

where  stars  are  to  be  chosen,  that  pass  near  the  zenith.  The  collimation 
constant  c  may  be  determined  by  reversing  the  axis  and  obetrving  in  both 
cases  the  time  of  transit.  As  in  this  case  the  sign  of  c  alone  Is  chauged, 
we  find  by  subtracting  the  two  corresponding  equations 

T^  — T 

c  =  — 2 —   8^  ^  ^^^  9* 

where  stars  passing  near  the  zenith  are  again  preferable.  Both  operations 
may  be  performed  by  first  observing  the  transits  over  some  threads  and 
then,  after  having  moved  the  instrument,  over  the  rest,  and  by  reduc- 
ing them  to  the  middle  thread,  or  if  the  observations  are  taken  on  differ- 
ent days,  the  rate  of  the  clock  must  be  known  and  added  to  the  observed 
time. 

Let  us  now  suppose  the  time  T  being  already  corrected  as  to  the  collima- 
tion, then  by  observing  the  same  star  east  and  west  we  may  find  both  con- 
stants b  and  k.     In  this  case  the  equations  are 

^;  =  T  +  J  T  +  ,-"  ^  -j-—  +  „.„—  Star  west, 
'  '    tan  z  sin  <p    '    sm  <p 

b  k 

^y'  =  T*  4-  J  T  —  .       -   .        -f  -; —      *'    cast. 
^        *   -r  -J  tan  z  sm  ^  ~  sm  ^ 

By  subtracting  we  have 

b  =  tan  z  sin  (f  l\{0  —  0")  —  i  (T  —  T»)]. 

Should  the  clock  corrections  not  be  tlie  same  T*  were  to  be  corrected  bv 
the  rate.  Now  ^  {0  —  ^*)  =  t  is  the  hour-angle  of  the  star  in  the  moment 
when  it  passes  over  the  true  prime  vertical  and  may  be  computed  fh)mthe 
latitude  of  the  place  and  the  star's  declination  by  the  formula 

tan  n 
cos  t  = 

tan  (p 

or  better  still  from  the  formula 

,    ,       sin  (cp  — o) 

tan  i  t^  =  :rL :  . 

'   ^  sin  (^4-5) 

The  errors  in  the  observation  of  T  —  T^  will  also  here  be  the  smaller, 
the  smaller  tan  z,  i.  c.  the  nearer  the  star  passes  the  zenith.  Now  d  and  b 
being  know^n  we  find  the  north  inclination  of  the  apparent  horizon 

,3f  =  i  d  —  b. 
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By  adding  the  above  equations  Ve  find 

k  =  sin  ^  t*  {0  -rO')-i(T  +  T')  -  J  T], 
or  as  i  (^  -fi^^)  =  a  is  tlie  star's  right  ascension 

k  =  sin  ^  [a  —  J  (T  4-  T»)  —  J  T]. 

Part  II. — Influence  of  the  inclination  a  on  Altitude  Obtercations. 

By  a  we  have  denoted  that  component  of  the  inclination  Z  Z^  of  the 
apparent  to  the  true  horizon,  wliich  lies  in  tlie  vertical  plane  of  the  instru- 
ment used.  With  large  instruments  part  of  this  component  may  be 
caused  by  the  instrument  and  its  piers,  and  is,  therefore,  as  was  explained 
in  the  beginning,  depending  on  the  zenith  distance  of  the  object  observed. 
The  other  part  of  a  is  according  to  former  notations  [see  formula  (6)] 

q  =  ii  cos  (,4  —  AO  (15) 

and  is  caused  by  the  constant  local  irregularities  in  the  figure  and  density 
of  the  earth.  The  first  part  of  a  will  have  an  effect  on  altitude  observa- 
tions quite  analogous  to  the  flexure  of  the  instrument.  This  latter  correc- 
tion is  generally  represented  by  the  series 

a*  cos  z  +  a"  cos  2  z  -f  a"*  cos  3  z  +  .  .  . 
+  b»  sin  z  +  b"  sin  2  z  -f  b"»  sin  3  z  -f  .   .  . 

and  its  sign  is  understood  so,  that  if  z  is  the  reading  of  the  zenith  dis- 
tance of  a  star 

z  -|-  a*  cos  z  -^-  .  .  .    -f  b'  sin  z  -f-  . . . , 

represents  the  true  zenith  distance  freed  from  flexi.r3.    If  for  instance  N 
denotes  the  reading  of  the  Nadir  point  (for  which  z  =  18(P,) 

N  —  a»  +  a"  —  a"»  +  .  .  . 

-will  represent  the  true  nadir  freed  from  flexure. 

By  a  similar  formula  the  component  a  may  be  represented  this  w^ay 

a  =  q  +  <h^  C08  z  +  V*  cos  2  z  -f  aj"*  cos  3  z  -f  .  .  .  ^  ,|gx 
+  bi»  sin  z  4-  h^"  sin  2  z  -f  b/"  sin  3  z  -f  .  .  .  / 

For  the  nadir  (z  =  IBCP)  we  have 

Now  let  z  denote  the  reading  of  the  instrument,  f  the  true  zenith  dis- 
tance of  the  object  S  observed,  and  N  the  reading  of  the  nadir,  then  we 
shall  have  for  direct  observations  (Fig.  2). 

z  -j-  a*  cos  z  -f  a"  cos  2  z  +  a"*  cos  3  z  -j-  .  . 

-f  b»  sin  z  +  b"  sin  2  z  4-  b»"  sin  3  z  -f  .  .  . 
—  (N  -f  18(P  —  a»  +  a"  —  a>"  -f  .  .  .)  4.  r/^  =  f 

«^g*in  let  z*  be  the  reading  of  an  observation  by  reflection  and  we  shall 
bare 

*'  -^a»  cos  z  -f  a"  cos  2  z  —  a"»  cos  3  z  -f  .  .  . 
-f.  b»  sin  z  —  W  sin  2  z  -f  b»"  sin  3  z  —  .  .  . 
-^  (N  +  I8OO  —  a'  +  a"  —  a"*  -f .  .  .)  -j-  «„  =  l^QO  —  f  +  S  a 
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Let  now  the  rotation  axis  of  the  instrunlent  be  revereed  so  that  the  gndnt- 
tion  runs  in  the  contrary  direction  and  z^^  be  the  reading  of  a  direct  obser- 
ration  and  we  shall  have 

z"  +  a*  cos  z  -|-  a"  cos  2  z  +  a'"  cos  3  z  -f  .  .  . 

—  b^  sin  z  —  b"  sin  2  z  —  b"'  sin  8  z  —  .  .  . 

—  (N  +  180O  — a»  +  a"  — a^"  +  .  .  .)  — ao  =  360O  — f 

Let  finally  z"^  be  the  reading  of  an  observation  by  reflection  in  the  same 
position  of  the  instrument,  and  we  shall  have 

zHi  —  a*  cos  z  +  a"  cos  2  z  —  a"*  cos  3  z  +  .  . 

—  b  sin  z  -|-  b"  sin  2  z  —  b"'  sin  3  z  -f  .  , 

—  (N  +  180O  —  a'  +  a"  —  a>"  +...)  —  Oo  =  180©  +  C  —  2  a 
But  from  the  explanations  in  the  first  part,  it  is  evident,  that  with  oheer- 
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rations  by  reflection  a  star  is  observed  out  of  the  vertical  plane  of  the  in- 
strument, BO  that  the  azimuth  of  the  star  is  by 

d  A  =2  fS  cot  z 

greater  than  the  azimuth  of  the  reading.  Hence,  If  we  want  to  compare  with 
each  other  the  four  equations  given  above,  we  are  to  reduce  all  the  zeoitb 
distances  to  the  same  azimuth.  This  may  be  efiected  by  the  well-knowo 
formula 

dz  =■  tan  p  sin  z  d  A, 

which  by  substituting  the  above  value  of  d  A  becomes 

dz  =  2  i3  tan  p  cos  z.  (17) 

Here,   as  in  Part  I,   p  denotes  the  parallactic  angle.     The  meaning  o^^ 
formula  (17)  is  not,  as  if  the  inclination  ^3  of  the  artificial  horizon  cooldpI^ 
vent  the  observer  from  reading  the  actual  zenith  distance  of  the  atir. 
it  uieans    that  the    actual    zenith    distance  is  by  dz    greater,  than  H 
would  be,   if  the  star  were   still  in  the    azimuth  of  the  instrument 
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;cc,  with  the  two  observations  by  reflection  mentioned  above,  the  read- 
ifS^t}  and  z'"  are  to  be  diminished  hy  2  fi  tan  p  cos  z,  in  order  to  have  in 
11  tlie  four  equations  the  same  true  zenith  distance  belonging  to  tlie  same 
Elmuth.  If  the  observation  by  reflection  is  taken  in  tlic  meridian,  where 
kn  p  is  very  small,  this  correction  may  be  omitted  as  small  of  the  second 
rder.  The  same  value  of  dz  may  also  be  found  by  the  usual  diflerential 
ormula 

dz  =  cos  f)  sin  p  dt 

knd  the  following  formula,  which  was  developed  above 

cos  z 
^' =  ^  ^  cos"  (Jowl)- 

If  for  brevity's  sake  we  denote  the  apparent  zenith  point,  corrected  as  to 
flexure,  by  Z|  and  put 

Zi  =  180O  +  N  —  a'  +  a"  — a"»  +  .  .  . 
our  four  equations  mentioned  several  times  will  become 

J"  =  z     -f  a*  cos  z  +  a"  cos  2  z  +  a"*  cos  3  z  -f  .  .  . 
+  b»  sin  z  +  b"  sin  2  z  -f  b"»  sin  3  z  +  .  .  . 

—  2i|  -}-  Oo* 
180^  —  f  =  z»    —  (a»  —  2  aiO  cos  z  +  (a"  —  2  aj")  cos  2  z  —  .  .  . 

-f  (b^  — 2bi»)sinz— (b"  — 2bi»)8in2z-f.  .  . 

—  Z,  —  2  q  +  do  —  2  ^i  tan  p  cos  z. 
W"-'  —  f  rz=  z"  -fa*  cos  z  -j-  a"  cos  2  z  -f  a*"  cos  3  a  +  .  .  . 

—  b»  sin  z  —  b"  sin  2  z  —  b">  sin  3  z  —  .  .  . 
,^                    —  Z,  —  a,. 
i^-  -f  f  =  z"»  —  (a»  -f  2  ai»)  cos  z  4-  (a"  +  2  a  »)  cos  2  z  —  .  .  . 

—  (b»  +  2  bi»)  sin  z  +  (b"  +  2  bj")  sin  2  z  —  .  .  . 

—  Z|  -f  2  q  —  Oo  —  2  ,5  tan  p  cos  z. 

Tbcse  equation  are  suflicient  to  find  the  prpbable  values  of  the  constants 
••  ^*.  ^i  and  bj  by  observations  of  different  stars.  The  constants  a  however 
^  l>e  eliminated,  so  tliat,  to  find  zenith  distances,  we  need  not  know  but 
*^t  constants  b  and  q.    For  we  find 
C-l«(r  =  j(7.  — z»)  +  b>Binz+b"sin  2  z  +  V»8in3z4- .  .  .  +a,    (19) 

^eblicing  found  by  this  equation,  the  constants  a,  may  be  found  by 
^  following  one 

—  f  =  J  (z»  —  z"»)  '{-  2  ai»  cos  z  —  2  a,"  cos  2  z  -f-  .  .  . 
1  +  b*  sin  z  —  b"  sin  2  z  4-  .  .  .  —  2  q  -f-  o^. , 

*"* constants  a  may  be  detennined  from 

180^  =  J  (z  +  z")  +  a»  cos  z  +  a"  cos  2  z  -j-  .  .  .  —  Zi 
^  afterwards  also  the  bi  from 

^*^  =  I  (z»  -f  z>")  —  a»  cos  z  4-  a"  cos  2  z  —  .  .  . 

—  2  bji  sin  z  +  2  bi"  sin  2  z  —  .  .  .  —  Zj  —  2  ^3  tan  p  cos  z. 

^equitions  (18)  and  all  the  others  developed  from  them  show,  that 
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the  true  zenith  distance  ^  cannot  be  sepamted  from  the  coDStaDt  a«  or  to 
speak  more  exactly,  from  the  constant  q»  they  giving  always  the  Tal^of 
^  —  q.  Nor  will  it  be  possible  to  separate  zenith  distances  fh>m  this  incli- 
nation by  sextants  or  reflecting  circles.  The  inclination  3  perpendicular  to 
tlie  plane  of  the  sextant  or  reflecting  circle  has  indeed  no  influence  on 
flnding  altitudes,  yet  this  is  the  case  with  the  inclination  a  in  the  plane  of 
the  instrument,  all  the  readings  of  altitudes  being  too  great  by  the  angle  a, 
if  an  artificial  horiz(m  is  used,  while  in  case  of  a  sea  horizon  tlie  dip  will  be 
aflected  by  this  inclination.  Neither  ot  these  errors  can  be  eluninated  by 
these  instruments.  Thus  by  altitude  oliservations  the  inclination  of  the 
artificial  horizon  may  bo  found  as  far  as  it  depends  on  the  attraction  cf  the 
instrument  and  its  piers,  but  not  as  far  as  it  depends  on  local  irrcgularitiefl 
of  the  earth. 

Now  to  come  to  a  conclusion,  the  question  turns  up  to  the  astronomer, 
by  what  means  he  will  And  the  latitude  and  the  time  of  his  place.  Since 
in  case  that  his  apparent  meridian  line  is  not  parallel  to  the  true  horizon, 
all  observations  of  stars  will  give  him  the  latitude  not  of  his  \Aslcc,  but  o€ 
such  places,  whose  true  horizon  is  parallel  to  his  apparent  meridian  line- 
And  in  like  manner  if  the  plane  of  his  apparent  meridian  does  not 
through  the  centre  of  the  earth,  all  observations  of  stars  will  furnish  hii 
with  the  time  not  of  his  place,  but  of  such  places  as  are  lying  in  a  plan  *^ 
I>arallel  to  his  apparent  meridian  and  touching  the  centre  of  the  earlL^ 
Consequently,  all  the  methods  of  flnding  the  longitude  by  immediaft'  ^ 
transportation  of  time  or  by  observation  of  signals  visible  at  tfiesameir^ 
slant  will  give  him  the  longitude  not  of  his  place,  but  of  the  places  ju.-^= 
defined. 

He  must  tlKTef(»rc  look  out  for  otlicr  means  to  find  the  errors  in  the  d.   ^ 
termination  of  tlie  latitude  and  the  longitude  of  his  place,  and  consequent  ^ 
also  the  constants  of  correction  for  his  instruments,  and  such  means  w^"  "■ 
to  be  geodetic  mensurations  and  the  observation  of  parallactic  phenomem  *" 
If  as  many  i)laces  of  the  eartli  as  possible  are  combined  by  such  obscrw^as 
tions  and  mensjinitions  and  tlu?  condition  is  made,  that  the  sum  of  t  "** 
squares  of  diifcrences  between  tlie  calculated  and  observed  longitudes  a  x** 
latitudes  becomes  a  minimum,  the  probable  errors  in  determining  the  po*' 
tion  of  these  places  may  be  found.     The  first  method  has  been  partial ^^ 
employed  by  Prof.  Schmidt  in  (i6ttin«ren  and  later  also  by  the  U.  S.  Go«^' 
Survey*     On  the  instigation  of  the  celebrated  Gauss  Pmf.  Schmidt  nv»^*' 
use  .of  the  diflereiit  meri<lian  mensurations  to  calculate  the  dimensions  <^* 
the  terrestrial  ellipsoid,  so  that  the  sum  of  the  stpiares  of  difTerenres  "^^ 
tween  the  computed  and  observed  latitudes  was  a  minimum.     lie  foiW" 
Tor  tlie  mean  error  of  latitudes  3"  .Il):i.     But  it  may  be  interesting  to  Itf*'^ 
the  comi>lete  result  of  his  cimiputation  hen*  reprinted  from  his  "Lehrbuc^ 
<ler  matliem.  u.  phys.  Geography,  Gottingen,  1820,  i.  p.  199." 

•  Report  for  1853. 
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tHagen. 


Tarqui 

80 

4' 

80".83  -f- 1".87 

Cotchesqui 

0 

2 

87.83  —  1.87 

Trivandeponim 

It 

44 

52.59  —  0.58 

Paudree 

18 

19 

49.02  4-  0.57 

Punnffi 

8 

9 

88.89—1.78 

Putchapolliam 

10 

59 

48.93  — 1.22 

Dodagoontah 

12 

59 

59.91  H-  8.54 

Namthabad 

15 

6 

0.64  —  0.64 

Fornietera 

88 

89 

56.11  +  a.  40 

Montjouy 

41 

21 

45.45  +  2.55 

Barcelona 

41 

22 

47.16  -f  0.83 

Perpignan 

43 

41 

58.01  —  4.16 

CarcAssone 

43 

12 

54.81  —  1.02 

Evauz 

46 

10 

42.19  — 5.8S 

Pantheon 

48 

50 

48.94  4-  0.37 

Dunkirchen 

51 

2 

8.74  +  3.92 

Gottingen 

51 

81 

47.85  —  2.76 

AUona, 

53 

82 

45.27  +  2.70 

Dunnose 

50 

87 

8.21  — 1.86 

Greenwich 

51 

28 

40.00  -f  0.94 

Blenheim 

51 

50 

27.09  +  3.01 

Arburyhill 

52 

18 

28.19  +  1.83 

Clifton 

53 

27 

31.99  —  3.91 

Malldrn 

65 

81 

81.06  4-  1.31 

Pahtawara 

67 

8 

51.41  —  1.31 

Q  like  manner  also  mensurations  of  Parallels  might  serve  to  find  the 
irs  in  longitude.  Amongst  the  parallactie  phenomena,  which  may  con- 
ute  towards  finding  the  errors  in  longitude  and  latitude,  especially 
-r  eclipses  and  occultations  of  stars  are  to  be  mentioned.  If  in  the 
tttion,  which  represents  the  condition  of  a  certain  place  of  the  earth 
Lg  in  the  surface  of  the  cone  of  shadow,  not  only  the  longitude,  but 

the  latitude  and  sidereal  time,  are  supposed  to  be  erroneous,*  very 
ly  part  of  the  errors,  for  which  formerly  the  ephemerides  were  made 
N>nsible,  must  be  ascribed  to  the  inclination  of  the  apparent  horizon. 
Ls  longitude  and  latitude  of  an  Observatory  being  approximately  cor- 
ed by  any  of  these  methods,  the  formulas  given  in  the  preceding  pages 

furnish  the  means  of  finding  the  constants  of  correction  for  the  instru- 
cts, and  finally  also  the  inclifiation  of  the  apparent  to  the  true  horizon  ai 
•^tUtude  and  direction. 

'mnnoir  la  hlu  "  Lehrbuch  der  SphSriachen  Astronomle,'*  p.  32'>,  develops 
equation,  supposing  only  the  Ephemerides  to  be  erroneous,  Chauvenet  in 
'*  llanual  of  Spherical  and  Practical  Astronomy,"  6th  ed.  vol.  i,  p.  523,  re- 
Is  the  corrections  of  the  co5rdlnates  ot  the  place  of  observation  as  depend- 
only  upon  the  correction  of  the  eccentrictity  of  the  terrestrial  meridian, 
posing  the  latitude  Itself  as  well  as  the  sidereal  tin^e  to  be  correct. 


224 


CFeb.  17. 


Stated  Meeting^  February  17^  188S, 

Present,  8  members. 

Vice-President,  Prof.  Kendall,  in  the  Chair. 

I^etters  accepting  membership  were  received  from  Mr.  Wm. 
W.  JeflFeris,  dated  West  Chester,  Pa.,  Jan.  25,  1882  ;  and  from 
Mr.  W.  Townsend,  West  Chester,  Pa.,  Jan.  25,  1882. 

The  resignation  of  Rev.  Samuel  Longfellow  from  the  Society 
was  announced. 

Ijetters  of  envoy  were  received  from  the  Imperial  Botanical 
•  Garden,  St.  Petersburg,  dated,  Dec.  22,  1881 ;  and  the  Depart- 
ment of  the  Interior,  Feb.  9,  1882. 

Letters  and  postals  acknowledging  the  receipt  of  Proceed- 
ings, No.  109,  were  received  from  the  Geological  Survey  of 
Canada;  Maine  Historical  Society;  New  IIam|)shire  Historical 
Society;  Boston  Public  Library ;  Boston  Atheno&um ;    Museum 
of  Comparative  Z(X)logy,  Cambridge  ;  Kssex  Institute,  Salem; 
American  Antiquarian   Society,   Worcester;    Rhode   Island 
Historical  Society,  and  Brown  University,  Providence;    Con- 
necticut-Historical S(-XM('tv,  Hartford;    Universitv  of  the  Citv 
of  New  York;  New  York  lIos[»ital;  A stor  Library  ;  Prof. '^ 
J.  Stc^vcnsoii :    U.  S.  Militarv  Academv,  West  Point ;    Mr.  C. 
H.    K.   Pesters,   Clinton,   New  '\^)rk;    Now   Jersey   Historical  • 
Society,  Newark  ;  IVnnsvlvania  Historical  SiKtiety,  Philadel- 
])liia  ;    Mr.  Geo.  Smith,  Garrettford  P.  0.,  Pa. ;    Pr<^f  C.  \- 
Doolittle,  Betlilchem,  Pa.;    Prof.  Trail  Green,  Easton,   Pa.: 
Mr.  J.  V.  Carll,  Pleasant  ville,  Pa. ;  Maryland  Historical  Society, 
Baltimore  ;  Mr.  Wni.  B.  Taylor,  AVashington  ;    Geor^na  Ilii^* 
torical   Society:    Prof.  J.   M.   Hart,  Cincinnati;    Dr.  R>l'^'rt 
Peter,  Ix^xington  :    Mr.  iJanl.   Kirkwood,  Bloomington,  InJ- 
('hica;io  Historical  Society  ;    Prof.  J.  S.  CampU^ll,  Crawf>rJ- 
ville,  Ind.;  an<l  tin*  Wisconsin  Historical  S<xiietv,  Madison. 

A  letter  dated.  Feb.  .*>,  1SS2,  was  received  froni  Prof.  E.  P- 
Cope,  making  a  rc(piest  that  No.  t^")  of  the  Proceedings,  con- 
taining l)r.  Gabb's  paper  on  Costa  Rica,  .•should  l.x)  sent  to  Mr. 
Leon  Fernandez,  San  *h>e,  Costa' Rica,  as  he  is  prepariug  * 
history  of  that  country. 
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A  letter  was  received  from  the  Librarian  of  Cornell  College 
jibrary,  concerning  the  completion  of  their  seta  of  Proceedings 
nd  Transactions. 

A  letter  was  received  from  C.  Zinckra,  dated  Leipsig,  Jan. 
2,  1882. 

Circular  letters  were  received  from  the  Smithsonian  Institu- 
ion,  Washington. 

Donations  for  the  Library  were  received  from  the  Asiatic 
•ociety  of  Japan;  St.  Petersburg  Imperial  l^otanical  Garden; 
•wedish  Bureau  of  Statistics ;  Zoolo^ischer  Anzeiger,  Leipsig  ; 
^ccadcmia  dei  Lincei,  Rome;  Soci6.ede  Geographic,  Annales 
es  Mines,  and  Revue  Politique,  Paris;  Revista  Euskara, 
^amplona ;  London  Nature ;  Natural  History  Society,  and 
fr.  Samuel  Abbott  Green,  Boston ;  Essex  Institute,  Salem  ; 
Tew  York  Academy  of  Sciences ;  New  Jersey  Historical 
•ociety;  Numismatic  and  Antiquarian  Society,  American 
ournal  of  Pharmacy,  "  The  American,"  and  Mr.  Henry 
^hillips,  Jr.,  Philadelphia ;  Mr.  John  H.  B.  Latrobe,  Baltimore ; 
)epartment  of  the  Interior,  Washington  ;  and  the  Ohio 
fechanics  Institute,  Cincinnati. 

Mr.  Britton  exhibited  some  peats  and  lignites  of  Arkansas, 
ind  some  Anthracites  from  the  same  State,  and  also  some  bi- 
uminous  coals,  showing  the  progress  of  the  formation  of  coals. 

Pending  nominations,  Nos.  985,  951-955  were  read. 

Report  of  the  Officers  and  Council  was  read. 
And  the  meeting  was  adjourned. 


Stated  Meetiufj,  March  3,  188^. 

Present,  7  members. 
President,  Mr.  Fralev,  in  the  Chair. 

The  death  of  Robert  Bridges,  M.D.,  on  February  20,  1882, 
^  the  76th  year  of  his  age,  was  announced  by  the  President. 

The  death  of  Mr.  Thos.  P.  James,  at  Cambridge,  Mass.,  on 
February  22,  1882,  in  the  79th  year  of  his  age,  was  announced 
V  Mr.  Briggs. 
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The  President  was  authorized  to  appoint  suitable  personi^ 
prepare  obituary  notices  of  each  of  the  deceased. 

A  letter  of  envoy  was  received  from  the  Muje^  Guioci 
Lyons,  dated  February  3,  1882. 

T-iCtters  of  acknowledgment  were  received  from  the  Offe«- 
bacher  Verein  fiir  Naturkunde  (108);   American  Statistical 
Association,  Boston  (109)  ;    Mr.  T.  P.  James  (109)  ;    Yale 
College  Library,  New  Haven  (109) ;  Mr.  Henry  Phillips,  Jr., 
Philadelphia  (109) ;    and  the  Wyoming  Historical  and  Geo- 
logical Society,  Wilkesbarre,  Pa.  (108,  109). 

A  letter  was  received  from  the  Librarian  of  the  Franklifl 
Institute,  dated  February  21,  1882,  requesting  Part  Ist  of  the 
Catalogue.     On  motion  it  was  ordered  to  be  furnished. 

Donations  for  the  Library  were  received  from  the  Editor  of 
Zoologischer  Anzeiger,  Leipsig;  Accademia  dei  Lincei,  Rome; 
B6vue  Col6opterologique,   Brussels;  Wurttembergische  Vier- 
teljahrshefte    fiir    Landesgeschichtc,    Stuttgart;    Revue   Po- 
litique, Paris;  Soci6:e  de  Geographic  Commerciale,  Bordeaux; 
Royal  Academy  of  History,  Madrid ;    Cobden  Club,  Journal 
of  Forestry,    and    Nature,  London;    Prof.  C.  Schorlemmer, 
Manchester,  England  ;  Royal  Dublin  Society;  Natural  History 
Society,  and  Rev.  E.  F.  Slafter,  Boston ;    American  Journal, 
New  Haven  ;    Franklin  Institute,  the  American,  Prof.  E.  D- 
Cope,  Mr.  J.  Blodgett  Britton,  and  Mr.  Henry  PhilHi>8,  Jr^ 
Philadelphia  ;    »Iohns  Hopkins  University,  Baltimore ;    U.  S. 
National  Museum,  Sensus  Bureau,  Bureau  of  Education,  U.  S- 
Commission  of  Fish  and  Fisheries,  and  the  War  Departmet^^^ 
Washington  ;    Revista  Cientifica  Mexicana,  Revista  Mens^^ 
Climatologica,  and  Ministerio  de  Fomcnto,  Mexico. 

A  necrological  notice  of  the  late  Dr.  John  W.  Draper, 
Dr.  Wm.  A.  Hammond,  was  read. 

Prof.  E.  D.  Cope  read  a  paper  entitled  "On  the  Structur 
some  Eocene  Carnivorous  Mammals,'*   illustrating  his  su 
by  the  exhibition  of  various  fossil  remains. 

New  nomination  No.  950,  was  read. 

Pending  nominations  Nos.  935,  and  951  to  955,  were 
And  the  meeting  was  adjourned. 


f  Holiet  Iff  JahA  W,  Draper,   M.D.,  LL.D.    %  William  A. 
md.  M.D..  Surgum  Otntral  U.  S.  Army  (Hetirtd  I.itt). 

iStad  htfm-t  tht  Amtriean  Philoiophieal  Sun'ely.  Marth  S.  ISSi.) 

In  Ihc  de«lli  at  Dr.  Dmper,  tlie  American  Philosopliical  Soeifty  hus  to 
nfnrt  Itic  lou  i)i  ottc  of  iU  most  dislinguiBhcil  uicmbers.  Ho  ilicd  at  his 
rnddrnrc  at  Huelings-on-IIie  Huilson.  \n  Die  Blate  of  New  York,  on  Ihe 
fnorth  day  of  January,  1883,  after  an  illuL-sa  wliicli  had  lusiud  with  more 
or  If**  Korerity  for  scleral  months. 

Julin  William  DrapLT  wna  Iwrn  at  St.  Helen'?.  England,  Mny5th,  1611. 
nU  early  rdncation  was  receivud  at  iLo  Wtsleyan  Si-lioo1  nt  Woodhouse 
UroTc.  and  subgequently  from  private  ledchers.  Al  a  Mill  later  period  he 
made  especial  siudf  of  Cliemislry,  Natural  Piiilusophy  and  Ihe  higher 
Hailivmatics,  laking  high  rank  in  llie  tinowledge  of  these  sciences. 

In  1833  he  came  to  ilie  United  Biates,  inU'nding  In  make  it  liis  peniia- 
neot  home.  Tli^re  be  eecmii  to  have  had  his  attention  for  ihe  flnit  time 
luraed  to  Ihe  profession  of  Medicine,  for  he  entered  the  Medical  Depart- 
mtni  of  the  University  of  Pennsjlvania  and  graduated  in  1838.  He  never 
ptaclised  medicine,  however;  probably  he  never  had  a  patient.  A  few 
nuiDibsarter  receiving  his  diploma,  he  was  appointed  Professor  of  Chemis- 
try, Physiology  and  Natural  Philosophy  in  Hampden -Sidney,  Collcgf,  in 
'V'lr^flk.  H«  ucrupicd  Ihis  position  for  about  three  ycurs.  publieliiiiK 
daring  ihat  period  several  important  essays  on  chemical  and  physiological 
vulijecu-  Some  of  these  appeared  in  the  Amtriean  Jaurnal  of  Mrdirnl  Sri- 
**«■«»,  hut  the  greater  number  in  the  London.  Edinburgh  and  Dublin Pkilo- 
^tipAifiil  Magatint. 

In  1836  he  resigned  his  professorship  at  Hampden -Sidney  College,  tone- 

«^<fpt  thai  of  Chemistry  and  Natural  Philosophy  in  tlic  newly  Inaugurated  , 

t-'niversily  of  the  Cily  of  New  York.     In  1H41  on  the  origination  of  the 

*'**lic»l  Department  of  the  University,  ofwhieh  he  was  one  of  the  founders, 

h«  '«vBt  appointed  Professor  of  Chemistry.     In  1850  Physiology  was  com- 

J   *>iABd  wllh  Chomirtry  and  he  held  the  joint  cbair.     The  union  was  con- 

I  *«tted  till  1863,  wbcn  Dr.   Draper  gave  up  the  leaching  of  Chemistry  in 

J  **•  XtdicAl  Department,  continuing,  however,  to  lecture  on  Physiology. 

I    _**    1887  he  resigned  this  profesHorehip  also,  retaining,  however,  Ibe  Preei- 

■•»«7  of  the  Medical  Faculty,  wliieb  he  had  held  from  IHO.    In  1873  he 

"•"ored  bis  connection  altogether  wilh  the  Medical  Deparlmeni.  hut  con- 

^*%«d  to  the  day  of  bii  death  to  bold  his  proresBorshlp  in  the  Deparlmeni 

■^rU. 
**».  Draper  waa,  early  in  bis  career,  &n  esperimenior  in  various  depart- 
^*»t*of  Natuntl  Science.  In  1840  ho  described  the  figures  which  are 
"^  d  when  coins  are  laid  on  polished  glaAs  and  which  arc  made  visilile 
^  ^ipnclire  to  tbo  action  of  a  vapor.  About  the  same  lime  he  began 
■-^tcrect  bimseirin  thu  discoverii-H  being  made  bj  Daguerre  and  was  the 
-  Ui  photograph  the  human  face, 

raoc.  AMRB.  fhiiaw.  hoc.  xx.  111.  3c. 
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The  chemical  action  of  light  was  a  favorite  study  with  him.  In  1844  he 
published  liis  work  on  the  "  Forces  which  produced  the  Organization  of 
Plants,"  in  wliich  he  sliowed  that  the  yellow  ray  of  the  solar  spectrum  is 
the  most  powerful  in  its  influence  over  vegetation.  One  of  tlie  most  im- 
portant contributions  made  by  him  to  science  is  that  in  which  he  demon- 
strates that  all  solid  substances  become  incandescent  at  about  the  tem- 
perature of  977^  F. 

Dr.  Draper  did  not  confine  his  studies  to  the  Natural  Sciences  strictly 
so-called.  He  was  ambitious  of  distinction  as  a  historian.  Ilis  basis  was, 
that  nations  are  subject  to  the  same  laws  as  individuals  and  that  in  their 
migrations  and  stages  of  develoi)ment  they  have  been  acted  upon  by  purely 
physical  causes.  We  are  inclined  to  think  that  he  carried  his  views  in 
this  respect,  too  fiir,  and  that  he  disregarded  the  undoubted  influence  of 
intellectual  and  emotional  factors  as  creators  and  modifiers  of  history. 

Dr.  Draper's  contributions  to  Scientific  Periodicals  and  the  Transactions 
of  Medical  Societies  have  been  very  numerous.  One  paper  only  was  pre- 
sented to  the  American  Philosophical  Society,  and  this  was  May  27th,  1843. 
He  was  elected  a  member  of  the  Society  January  19th,  1844,  and  conse- 
quently this  memoir  was  submitted  before  he  joined  us  :  its  title  is,  "On 
the  Decomposition  of  Carbonic  Acid  and  the  Alkaline  Carbonates  by  the 
Light  of  the  Sun."    It  is  published  in  Vol.  Ill  of  the  Proceedings. 

His  published  volumes  are  as  follows  : 

**  A  Treatise  on  the  Forces  which  produce  the  Organization  of  Plants,'*' 

1844. 

*'  A  Text-Book  of  Chemistry."  1846. 

''A  T(*xt-Ho()k  of  Natural  Pliilosophy."  1847. 

"A  Treatise  of  Human  Phvsioloirv,"  1856. 

"History  of  tlie  Intellectual  Development  of  Europe,"  1862. 

"Thoughts  on  the  Future  Civil  Policy  of  America,"  1805. 

"Historv  of  the  American  Civil  War."  1867-70. 

"  Historv  of  the  Conflict  between  Religion  and  Science,"  1877. 

In  all  these  works  Dr.  Draper  showed  that  he  had  read  extensively  ai 
thought  deeply.  He  had  great  facility  for  expressing  himself  with  cleame 
and  directness  and  hence  for  impressing  his  views  upon  others.  Nev< 
theh'ss  it  must  be  confessed,  that  his  chief  claim  for  distinction  will  re- 
upon  his  labors  in  Chemistry  and  Natural  Philosophy.  His  "Treatise 
Human  IMiysiology"  is  in  many  respects  fanciful  and  speculative,  ai 
theories  are  i)r()niulgated  as  well-founded  which  have  no  support  frc^»  ^ 
facts.  His  historical  works  are  characterized  by  an  entire  absence  of  ref^i^  ' 
ences  to  the  sources  of  his  information,  and  therefore  they  lo.st  much.  ^"^ 
the  value  which  they  would  otherwise  j^ossess  for  students. 

In  1876  he  was  awarded  the  Uuniford  Medal  bv  the  American  Acadcm^"*- 
of  Arts  and  Sciences,  for  his  researches  on  Radiant  Energy.  In  1881  ^*' 
was  elected  one  of  the  twelve  honorary  members  of  the  Physical  Societ^^  *-' 
London. 
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Stated  Meeting,  March  17,  1882, 

Present,  10  members. 

President,  Mr.  Fraley,  in  tLe  Chair. 

The  death  of  Dr.  Joseph  Pancoast,  March  7th,  1882,  aet.  77, 
^^'iXs  announced  by  Mr.  Eli  K.  Price.  On  motion  Prof.  Samuel 
-*^-   Gross  was  requested  to  prepare  an  obituary  notice. 

Xctters  of  acknowledgment  were  received  from  the  Astro- 
'^^^mische  Gesellschaft,  Leipsig  (108), Free  Public  Library,  New 
"odford  (109),  and  the  Numismatic  and  Antiquarian  Society 
Philadelphia  (109). 
letter  was  received  from  the  Kaiserliche  Univcrsitjits-und 
La  nda^-Bibliothek,  Strassburg,  dated  Feb.  IG,  1882.  The  mat- 
to  i-  was  referred  to  the  Secretaries  with  power  to  act. 

Donations  for  the  Library  were  received  from  F.  Sandber- 

Zoologische  Anzeiger,  Leipsig;  R.  Accadcmia  dei  Lin- 

i,  Rome;  Academic  Roy  ale,  Br  uxelles;  Societedc  Olograph - 

^^^>    and    Revue   Politique,  Paris  ;  Societ6  de  Geographic  Com- 

^"^^^^rciale,  Bordeaux  ;  Royal  Astronomical  Society  and  Nature, 

-■^oridon;    M.  E.  Wadsworth,  Boston ;  Essex  Institute,  Salem; 

•^^^xmal  of  Banking  Law;  Pennsylvania    HiMorical  Society, 

^"a-nklin  Institute,   Journal    of    Pharmacy,    The   American, 

*^iladelphia;  New  Jersey  State  Geological   Survey;  Ameri- 

^^'^'"^  Chemical  Journal ;   U.  S.  Signal  Service  Bureau,  Washing- 

^  ^^  ;  Historical  Society  of  Wisconsin ;  Mercantile  Library  As- 

-iation,  San  Francisco;  Illinois  State   Museum  of   Natural 

^><tory,  and  Prof.  Lesquereaux,  Columbus. 

'X'hc  President  reported  that  he  had  requested  Dr.  Ru^Kihen- 

'"gcr  to  prepare  an  obituary  notice  of  Dr.  Bridges,  and  Dr. 

^Ihrock  one  of  Thos.  P.  James,  and  that  they  had  accepted 

^*^    appointment. 


rof.  Sad  tier  read  a  paper  by  Prof  Edgar  F.  Smith,  and  N. 
i  lev  Thomas,  on  Corundum  and  Wavellite  from  localities 
^'et   unknown   to  mineralogists,  about  six  or  eight  miles 
Allcntown,  Pa. 
r.  Phillips  made   a   communication  in  reference  to  the 
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progress  of  the  New  Dictionary  of  the  English  Language,  now 
progressing  under  the  auspices  of  the  Philological  Society. 

Pending  nominations  Nos.  835,  951  to  956,  and  new  nomina- 
tions Nos.  957  and  958  were  read. 

The  resignation  of  the  Eev.  Samuel  Longfellow,  of  German- 
town,  Pa.,  was  presented  to  the  Society,  and  on  motion  ac- 
cepted. 

And  the  meeting  was  adjourned. 


Corundum  and  Wavellite.    By  Edgar  F.  Smith  and  Iff  WiUy  Thoma$. 

{Read  before  the  American  PhilosopJu'cal  Society ,  March  27,  18SS.) 

Specimens  of  these  minerals  from  localities,  as  yet  perhaps  Unknown  to 
mineralogists,  came  under  our  examination  some  time  ago,  and  thinking 
that  a  description  of  them  might  not  be  without  some  interest  to  special- 
ists, we  submit  the  following  : 

1.  Early  in  January  last,  a  piece  of  what  was  once  a  large  hexagonal 
prism  of  corundum  terminated  by  pyramids,  was  handed  us.  The  speci- 
men we  received  was  an  end  piece  exhibiting  a  perfect  hexagonal  form, 
with  pyramidal  ending,  and  on  the  brolvcn  surface  of  the  crystal,  the 
color  observed  was  blue.  The  weight  of  this  specimen  is  five  pounds. 
The  original  complete  crystal  measured  eight  inches  in  length,  and  the 
diameter  over  the  secondary  axes  is  about  four  and  one  half  inches.  On 
the  exterior  surface  are  observable  here  and  there,  magnetite  crystals  and 
these  were  the  cause  of  the  destruction  of  the  original  crystal  soon  after 
It  had  been  ploughed  up.  The  farmer  thinking  he  had  made  a  valuable 
discovery  and  curious  to  know  the  appeamuce  of  the  inside,  broke  the 
crystal  into  several  pieces,  one  of  these  coming  into  our  possession,  after  it 
had  been  carried  about  to  various  parties,  for  inspection  and  determination. 
Only  very  slight  indications  of  any  alteration  are  apparent  on  the  exterior 
of  the  crystal.  Soon  after  getting  the  above,  we  received  another  crystal 
— a 'double  pyramid — about  five  and  one-half  inches  long  and  weighing 
over  five  i>ounds.  Since  the  reception  of  the  preceding,  we  obtained  sev- 
eral cigar  boxes  full  of  smaller,  well-defined  crystals.  All  of  our  si^eci- 
mens  were  found  near  Shimersville.  Lehigh  Co.,  Pa.,  and  were  thrown  out 
while  plowing.  The  district  over  which  these  crystals  were  scattered, 
and  have  been  noticed,  is  rather  extensive  and  is  already  under  lease,  and 
"prospecting"  for  larger  quantities  has  been  commenced.  Quite  a  num- 
ber of  medium  sized  crystals  were  sent  to  the  Weissport  Emery  Works, 
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there  tested  and  declared  excellent  for  technical  purposes.    We  reserve 
our  analyses  ot  the  above  for  a  future  communication. 

2.  The  specimens  of  Wavelliteare  from  the  neighborhood  of  Macungie, 
Lehigh  Co.,  Pa.  They  present  radiating  nodules  on  limonite  ;  their  color 
IS  \^hite.  These  crystals  were  considered  to  be  calamine,  and  on  this 
account  we  experienced  some  difficulty  in  ascertaining  the  locality.  In- 
deed, we  were  obliged  to  show  qualitative  proof  of  the  absence  of  zinc  to 
the  parties  interested,  before  being  made  acquainted  with  tlie  history  of  the 
specimens.  Our  analyses  were  made  of  some  of  the  well-defined  crystals. 
The  method  of  analysis  pursued,  was  that  described  by  Dr.  F.  A.  Genth, 
in  Am.  Journal  of  Science,  etc.,  II.  Vol.  23,  p.  423. 

Analysis. 

A1,0, 36.66^ 

P,Oj 84.14 

H,0 28.32 

Fl trace 

Limonite 0.60 

'  99.72 
C9iemical  LahorfUory  of  Muhlenberg  College^  Allentown^  Pa.^  March  5, 188i. 


instated  Meeting^  April  7,  188S. 

Present,  12  members. 
President,  Mr.  Fraley,  in  the  Chair. 

liCtters  accepting  membership  were  received  from  S.  S. 
Licwis,  Corpus  Christi  College,  Feb.  4 ;  and  from  Wm.  Blades, 
Abchurch  Lane  23,  London,  Feb.  18,  1882. 

TLietters  of  acknowledgment  were  received  from  the  K.  K. 
Central-Anstalt  fiir  Meteorologic,  Wicn  (108) ;  Verein  fiir  Erd- 
Icunde,  Dresden  (105-106);  Franklin  Institute,  Philadelphia 
(Catalogue  PartL);  Prof.  Thos.  C.  Porter,  Easton,  Pa.(109); 
"West  Chester  Philosophical  Society  (109);  Mr.  Asaph  Hall, 
"Washington  (109)  ;  and  the  Smithsonian  Institution  (109). 

IiCtters  of  envoy  were  received  from  the  Central  Physical 
Observatory,  St.  Petersburg,  dated  Feb.  1882 ;  Prof.  F.  Ecu- 
leauXf  Berlin,  March  10,  1882;  Verein  fiir  Erdkunde,  Dresden ; 
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U.  S.  Naval  Observatory,  Washington;  and  the  Department         ^  J 
of  State,  Washington,  April  1,  1882. 

Donations  for  the  Library  were  received  from  the  Acade-  —  *. 

mies  at  St.  Petersburg,  Berlin,  Munich,  Rome  and  Brussels ;  - 

Prof.  Reuleaux,  Braunschweig;  Herr.  Aug.  Tischner,  and  the 
Zoologischcr  Anzeiger,  Leipsig;  Herr.  L.  Rutimeyer,  Zurich ; 
Geographical  Societies  at  Paris  and  Bordeaux  ;  Baron  J.  Dc 
Baye,  Chalon-sur-Marne ;  Royal  Library  at  the  Hague;  Flora 
Batava,  Loydcn;  Royal  Astronomical  Society,  and  Nature,  ^ 
London;  Mr.  M.  K.  Wadsworth,  Boston;  American  Academy      ^ 

of  Arts  and  Sciences;  American  Journal,  New  Haven;  Mr.     

E.  A.  Barber,  Mr.  Lorin  Blodget,  Mr.   Henry  Phillips,  Jr.,    

Dr.  Jayne,  the  Academy  of  Natural  Sciences,  Board  of  Direc 

tors  of  City  Trusts,  and  the  Editors  of  the  "American,"  Phila 

delphia;  Johns   Hopkins  University,  Baltimore;  U.  S.  Fist 1 

Commission,  U.  S.  National  Museum,  U.  S.  Census  Bureau,  U  ~    . 
S.  A.  Department  of  Engineers,  and  the  U.  S.  Naval  Observa. 

tory,  Washington,  D.  C;  The  Virginias,  Staunton,  Va;  Amei — 

ican  Antiquarian,  Chicago. 


A  letter  from  the  Wyoming  Geological  Society  was  referred 

to  the  Secretaries  with  power  to  act. 

The  death  of  Solomon  W.  Roberts,  at  Atlantic  Citv,  Marc — 
22,  in-  the  71st  year  of  his  a<>e,  was  announced  bv  Mr.  J.  S 
Price,  and  Mr.  Fralcy  was  requested  to  prepare  an  obitua 
notice  of  the  deceased. 

The  (leatli  of  Ivlonard  Desor,  at  Nice,  Feb.  23,  in  the  7 
year  of  his  aire,  was  announced ;  and  Mr.  Lesley  was  appoint 
to  prepare  a  notice. 

The  dentil    of  Dr.  Robert  S.  Kendcrdine,  in  Philadelpli.  i—  ^ 
March  'J7,  niiied  51,  was  announced  bv  Mr.  J.  S.  Price,  and  t"^ — ^^ 
j^resident  was  requested  to  appoint  a  i)roi)er  person  to  prep^»-   "^ 
an  obituary  notice  of  the  deceased. 

Mr.  A>lil)urner  read  a  paper  on  "Estimation  of  Coal  At"^^  ^"^ 
and  Coal  Contents  of  the  Anthracite  Fields  of  Pennsylvan  x  st  ^. 

Prof.  Cope  read  a  pai)er  on  a  new  form  of  Marsupial  Ms: 
mal  from  the  Lower  Eocene  of  New  Mexico. 

Prof.  Cope  read  a  })aper  on  Arcluesthetism. 


.a-l 
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2^r.  Eli  K.  Price  read  the  following  report  as  Cb airman  of 
"^^^^  Committee  on  the  Michaux  Le<?acv: — 

"  The  course  of  lectures  in  Fairinount  Park  was  successfully  delivered 
Dr.  Rothrock  in  1881,  according  to  annexed  statement.*   The  audience 
interested  and  highly  respectable  ;  the  number  varying  from  two  to 
^^var  hundred. 

*  '  I  recommend  the  continuance  of  the  lectures  for  the  present  year  ; 
^^  *^  <i  that  an  appropriation  be  made  of  two  hundred  and  eighty  dollars 
C  ^^^60)  for  the  lecturer,  and  fifty  dollars  ($50)  for  advertising.  The  course 
II I  be  according  to  annexed  schedule  in  manuscript."  f 

On  motion  it  was  ordered  that  an  appropriation  of  $330  be 
«wie  for  the  above  objects,  payable  out  of  the  Michau:(I  Legacy. 

Tending  nominations  Nos.  935  and  951  to  958  were  read,  and 
^  meeting  was  adjourned. 


jStated  Meeting,  April  21,  1882, 

Present,  8  members. 

President,  Mr.  Fraley,  in  the  Chair. 

XliCtters  of  acknowledgment  were  received  from  the  Glasgow 
ilosophical  Society  (107-108);  the  Royal  Geological  Society 
Ireland,  Dublin  (XV,  8;  107-108);  and  the  Franklin  Insti- 
^  ^xt:^,  Philadelphia  (108-109). 

^  ^  -fcJ^^  ^^*«  from  April  28d  to  June  18lh,  on  Saturdays  at  4  p.  m.  :— Subjects— 
^^  *^«DW  and  why  we  study  Botany;  i.  The  Plants  we  Kat ;  3.  The  Phints  we 
^^.       ^^*^k;  4.  The  Plants  we  Wear;  5.  How  we  and  the  rhints  Breathe  and  How 

_      ^Xelp  each  other ;  6  and  7.  Diseases  of  Plants. 
t»^         *  -    From  September  10th  to  October  8tli :— 8.  Sti-ange  Marriage  among  Plants  ; 
1  ^       *^«^restry  In  Europe;  10.  Want  of  Forestry  In  America  and  Its  CouHequences; 
V^^  ,  ^^ow  Trees  are  made;  12.  How  Plants  Ti-avel :   13.  Weeds:   14.  Botany  for 

K^i.  ^       -^  »i  1882,  on  Saturdays,  at  4  p.  m.,  ftom  April  22d  to  June  3d.    Subjects— 1,  2. 

c*.  ^  ^  ^  ■^  ts  which  have  influenced  Human  History.    3,  4.  How  Plants  are  Construct- 

2"         •&,  6.  How  Plants  are  Organized.    7.  Meat-eating  Plants. 

ifY  »^  September  9  to  October  21.— ^  How  Vegetation  protects  the  Earth  and  In- 

•^_  ^*^ce«  Rain-fall.    9.  What  the  Boots  do  and  how  they  do  It.    10.  American 

^^^^  '^^  tier  and  iU  special  ralue.    11, 12.  Sick  Plants.    13.  Strength  and  Durability 

"^  t  mbor.    14.  The  Plants  eaten  by  other  Nations. 
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Letters  of  envoy  were  received  from  the  Naturforschende 
Gesellschaft,  Gorlitz,  dated  Nov.  5,  1881;  Naturhistorische 
Gesellschaft,  Niimburg,  Nov.  16,  18isi ;  Kgl.  Hof-und-Staatj^- 
Bibliothek,  Miinchen,  Dec.  27,  1881;  Meteorological  Office, 
Ix>nclon,  March,  1882  ;  Canada  Geological  and  Natural  History 
Survey,  Montreal,  April,  1882 ;  Department  of  the  Interior, 
Washington,  April  7,  1882 ;  Louisiana  Board  of  Health, 
New  Orleans,  March  30,  1882  ;  and  the  Public  Museum  of 
Buenos  Ay  res. 

Donations  for  the  Library  were  received  from  the  Acade- 
mies at  St.  Petersburg,  Copenhagen,  Munich,  Rome,  and  Brus- 
sels ;  Observatories  at  St.  Petersburg,  and  Munich  ;  Geological 
Society,  Berlin;  Natural  History  Societies  at  Gorlitz,  Chem- 
nitz, Nurcmburg,  and  St.  Gall ;  Royal  Society,  Gottingen  ;  Zoo- 
logical Society,  Leipsig  ;  Royal  Library,  Munich  ;  K.  K.  Geol. 
Reichsanstalt,  and  the  Anthropologische  Gesellschaft,  Vienna; 
Herr  Joachim  Barrande,  Prag  ;  Muj-fee  Guimet,  Lyons ;  Anthro- 
l>ological,  and  Geographical  Societies,  Ecole  Polytechnique,  and 
Revue  Politir|iie,  Paris ;  Revista  Euskara,  Pamplona  ;  L.  G. 
De  Koninck,  Lifege  ;  Astronomical,  Meteorological,  Royal  Gko- 
graphical,  Geological,  and  Royal  Asiatic  Societies,  and  Society 
of  Arts,  London  ;  Geological  Survey  of  India,  Calcutta;  Gla5- 
gow   Pliiloso]>liical  Society  ;  Geological  and  Natural  IIi>tory 
Survey  of  Canada ;  Prof.  J.  D.    Whitney    and    Prof.  Alex. 
Agassiz,  Cambridge;  American  Antiquarian  Society,  Worces- 
ter ;  Prof.   0.  C.  Marsh,  New  Haven;  Prof.  J.Henry  Corn- 
stock,  Ithac^a;  Capt.   Jas.    K.  Cole,  N.    Y.;  State    Board  of 
AgricMilture,  Harrisbiirg  ;  Philadelphia  and  Reading  R.  R.C^-  ; 
U.  S.  Fish  Conniiis^ion,  U.  S.  Entomological  Commission,  L» . 
S.  National  ^[iiseuin,  and  Census  Bureau,  Washington;  Loui^^^i- 
ana  State  Board  of  Health;  National  Museum,  Mexico;  aiiJ 
the  Public  Museum,  Buenos  Avres. 

Dr.  (jross  declined  bv  letter,  on  account  of  numerous  engaf^^ 
mcnts,  his  ai)[)ointnicnt  to  prepare  an  obituary  notice  of  t'^' 
Paneoast. 

The  death  of  Charles  Robert  Darwin,  April  20,  aged  73, 
was  announced  by  Dr.  Le  Conte. 
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n)r.  LeConte  said : 


X  n  rising  to  announce  the  ileatli  of  Charles  Robert  Darwin,  whioh  oe- 
c**^"!.  x"re(l  on  the  nineteenth  day  of  April,  last,  in  the  seventy-fourth  year  of 
Ills*     age,  I  have  no  intention  to  give  a  biographical  sketch  of  his  life,  or  his 
I  tributions  to  science.     Tliis  labor  of  love  will  be  performtd  fully  by 
*>»"neof  his  compatriots,  who  have  had  the  benefit  of  the  sweet  and  in- 
active personal  intercourse  w^ith  him  which  has  failed  to  be  part  of  our 
^«K«-thly  enjoyment.     But  what  I  do  wish  to  manifest,  as  far  as  the  feeble 
T»0'%^''er  of  my  language  will  pennit,  is  the  deep  grief  which  we  feel,  at  the 
lo5»-«*  of  one,  who  has  by  his  work  and  his  writings,  become  a  dear  com- 
n  ion,  and  a  guide  in  our  scientific  thought. 

For,  to  no  man  more  than  to  Darwin,  does  the  present  age  owe  as  much, 

the  gradual  reception  of  the  modern  method  of  close  observation  over 

^  ^'fco  scholastic  or  a  priori  formula*,  which,  up  to  a  brief  period,  affected  all 

t»iol«igiral  investigations.     To  him,  above  all  men,  we  owe  the  recurrence 

^*~>  tlie  old  Aryan  doctrine  of  evolution  (though  in  those  ancient  times  pro- 

>>^ulgated  under  the  guise  of  inspiration)  as  preferable,    by  reasonable 

^^^monstration,  to  the  Shemitic  views,  which  have  prevailed  to  within  a  few 

yc^ars,  and  are  still  acceptable  to  a  large  number  of  well-minded  but  unthink- 

■  '^  S  men.     The  doctrine  of  evolution,  in  its  elementary  form,  means  noth- 

>  »»  55  more  than  that  everything  that  exists  has  been  derived  from  something 

^  *»»t  pre-existed  ;  that  the  former  is  related  to  the  latter  as  effect  is  to  cause. 

*^  ncl  it  is  most  pleasing  evidence  of  the  acceptability  of  this  doctrine,  that 

*t     IS  now  heanl  from  many  pulpits  in  the  land,  as  a  strong  illustration  of 

^  ^»  «  instnictions  which  are  thence  given. 

Therefore,  while  lamenting  the  death  of  Darwin,  at  a  ripe  old  age,  and 
^*>«ing  the  benefit  of  his  vast  store  of  learning,  which  could  not  mucli 
l*>ra^or  remain  with  us,  we  are  grateful  that  we  have  lived  in  a  generation 
Jri  Mp'liich  he  was  a  conspicuous  example  of  the  humble  and  holy  men  of 
l»^<??^rt.  which  other  scientific  men  should  endeavor — albeit,  with  much  less 
o«*  pvac-ity — to  imitate. 

And,  finally,  we  offer  to  the  bereaved  family  our  most  heartfelt  sympa- 
tliy  in  their  afiiiction,  and  our  trust  that  the  well-chosen  ancestral  alliances 
'Will  enable  the  descendants  to  worthily  succeed  in  attaining  the  honor 
and  usefulness  which  chamcterized  our  deceased  colleague. 

The  death  of  John  Lenthall,  U.  S.  X.,  April  11,  at  Phila<lel. 
pliia,  in  his  75th  year,  was  annoimcecl. 

'I^'^e  death  of  Robert  Christison,  M.  I).,  of  Edinburgh,  was 
r^iKDrted  as  having  taken  place  in  1880. 

^*''-  Chai«c  communicated  Photodvnnmic  notes  No.  Y. 

^^^-  II.  C.  Lewis  descrilx^d  his  observations  of  tlie  aurora  of 
^P^l  19  and  20,  proving  its  connection  with  the  earth  by  the 

^^OC.  AM£R.  PHILOS.  80C.  XX.  111.  2d.      PRINTED  MAY  22,  1882. 
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apparent  motion  of  the  corona  eastward  at  the  rate  of  15°  per 

hour. 

Nominations  Nos.  951  to  958  were  read  and  balloted  for. 

Mr.  Fraley  reported  that  he  had  collected  and  paid  over  to 
the  Treasurer  the  interest  on  the  Michaux  Legacy,  due  April 
1,  amounting  to  $133.07. 

On  scrutiny  of  the  ballot  boxes,  the  following  were  declared 
duly  elected  members  of  the  Society: 

951.  Charles  W.  King,  Fellow  of  Trinity  College,  Cam. — 

bridge,  England. 

952.  Kcv.  James  W.  Robins,  D.  D.,  Principal  of  the  Epii 
pal  Academy  in  Philadelphia. 

953.  Charles  Sprague  Sargent,  A.  B.,  Cambridge,  Mass.,  P: 
fessor  of  Botany. 

95-1.  Franklin  B.  Hough,  M.  D.,  of  Lowville,  N.  Y. 

955.  Stephen  P.  Sharpies,  of  Boston,  Mass.,  late  Asst.  Pi 
Chem.  Harvard  College. 

956.  Charles  Edward  Rawlins,  Es<^.,  of  Rock  Mount  Rai 
hill,  Liverpool,  England. 

957.  George  de  B.  Kcim,  Esq.,  of  Philadelphia. 

958.  Hamilton  Andrews  Hill,  Esq.,  of  Boston,  Secretary  01 
the  National  Board  of  Trade. 

And  the  meeting  was  adjourned. 


-./ 
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Photodyriamic  Notes,   V.    By  Pliny  EarU  Cluise,  LL.D. 

{Read  before  the  American  Philoeophieal  Society,  April  SUt,  1882.) 

158.     Synchronous  Areas. 

Kepler's  second  law  is  grounded  upon  principles  which  must  modify 
rotation  and  subsidence,  so  as  to  introduce  harmonic  tendencies  among  the 
sjnchronous  areas  which  are  described  by  different  bodies,  under  the  con- 
trolling activity  of  a  common  centre,  as  well  as  in  the  virtual  areas  which 
represent  the  reaction  of  the  subordinate  masses  upon  the  centre  of  gravity 
of  the  system.    In  orbits  of  small  eccentricity,  the  instantaneous  area  of 
a   particle  is  nearly  proportional  to  the  square  root  of  its  mean  radius 
vector.    If  we  take  r  =  (J)'  =  .125,  •as  a  harmonic  divisor,  the  first  of 
f  liese  tendencies  is  shown  by  the  principal  planets,  as  may  be  seen  in  the 
following  table  : 


Harmonic  Areas. 

Synchronous  Areiis. 

Difference 

5r 

.625 

Mercury 

.6222 

4- .0028 

7r 

.875 

Venus, 

.8505 

+ .0245 

8r 

1.000 

Earth, 

1.0000 

.0000 

10  r 

1.250 

Mars, 

1.2344 

4- .0156 

18  r 

2.250 

Jupiter, 

2.2910 

.0310 

25r 

3.125 

Saturn, 

3.0885 

+  .0365 

35  r 

4.375 

Uranus, 

4.37»9 

—  .0049 

44r 

5.500 

Neptune, 

5.4803 

-f  .0197 

A.11  the  differences  are  within  the  limits  of  probable  error,  .03125,  except 

^^tum's.    Jupiter's  area  is  nearly  J  of  Saturn's,  and  the  combined  masses 

^^  tliese  two  planets  is  so  great  as  partially  to  override  the  simple  tendencies 

^^  subsidence  towards  the  chief  centres  of  condensation  and  nucleation, 

^nh  and  Sun. 

The  synchronous  areas  of  Mercury  and  Mars,  the  outliers  of  the  dense 

^^t,  are  nearly  in  the  ratio  1:2;   Venus  and  Earth,  7:8;   Uranus  and 

^^ptune,  4  :  5.     The  difference  is  less  than  ,^5  of  the  probable  error  in  the 

ftwt  of  these  comparisons  ;  less  than  J  of  the  probable  error  in  the  second  ; 

to  than  jJiv  <>f  the  probable  error  in  the  third  ;  the  "probable  error,"  in 

each  case,  being  J  of  the  common  divisor,  or  the  deviation  which  would 

l>e admiiisible  without  weakening  the  evidence  of  liarmonic  tendency  in  a 

tera  causa. 

150.     Virtual  Areas. 

The  virtual  areas  of  synchronous  reaction,  or  tlie  instantaneous  areas 
which  a  particle,  at  Sun's  mean  distance,  would  describe  about  the  i)rincipal 

planets  if  it  were  not  restrained  by  stronger  influences,  vary  as  V  m  r.  Vis 
fica  may  be  represented  by  orbital  areas,  as  well  as  by  distances  of  pro- 
jection against  uniform  rcsbtance,  therefore  we  may  add  a  third  law  to- 
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Lap1acc*R  two  laws  of  constant  sums,  viz  : — The  Bum  of  all  the  irutantaM- 
0U8  virtual  areas  in  a  system  toiU  altoays  remain  invariable. 

From  Alexander's  harmony  (Note  156,  p.  ($05)  it  follows,  that  the  ratio 
between  the  virtual  areas  of  Jupiter  and  Saturn  is  nearly  the  reciprocal 
of  the  ratio  of  their  direct  areas.  The  harmonic  influence  of  the  repeated 
nodal  action  of  this  ratio,  upon  subordinate  planetary  aggregation,  is 
shown  in  the  following  table  : 


Ilurinonlc 

Areiis. 

Virtual  Areas. 

Difference, 

a 

40.256 

Jupiter, 

40.587 

.331 

fi-U 

30.192 

Saturn, 

30.063 

+  .129 

r-J-s 

22.644 

Neptune, 

22.675 

—  .a3i 

<j     ir 

16.983 

Uranus, 

16.782 

+  .901 

e 

1.000 

Earth, 

1.000 

.000 

f-J^ 

.750 

Venus, 

.749 

+  .001 

rj=  i  s 

.400 

Mars, 

.404   . 

—  .004 

The  greatest  proi)ortionate  difference  is  that  of  Uranus,  IJ  per  cent. 
The  harmonic  change  from  the  outer  to  the  inner  belt  of  planets,  <J  -j-  : 
r^  16.983,  represents  the  orbital  retaniation  at  the  chief  centre  pf  conden- 
sation, Earth.  If  Earth  were  rotating  with  the  speed  which  it  would  hare 
if  Laplace's  limit  coincided  with  its  equatorial  surface,  its  time  of  rotation 

would  be  2  -  -^'       =  5073.6  seconds  ;  86164.1  -j-  5073.6  =  16.083.    The 

synchronous  virtual  area  of  Mars  differs  by  less  than  4J  per  cent,  from  J 
of  •]  f.     This  is  less  than  18  per  cent,  of  the  probable  error. 

100.  Lnphtrc's  First  Lnw  of  StahilUy. 

The  first  of  the  two  laws  in  whioli  the  author  of  Mic<fnique   (V.V*/*' em- 
bodied his  discoveries  in   n'lation   to  the  stability  of  the  solar  system,  i> 
tlius  stalrd  ;  '*  If  tlu;  mass  of  oaeli  planet  be  mulliplied  by  the  pnxiucl  ot 
ilie  square  of  the  eccentricity  and  s(iuare  root  of  the  mean  distance,  tli<-" 
>um  of  all  llicse  produ(rls  will  always  retain  the   same  magnitude."    I^y 

ronibininir  thr  first  and  third  of  these  factors,  ///  V  r,  we  get  the  quotien-"^ 
of  mass  by  orbital  velocity,  t<»gcthcr  with  the  following  suggestions  «->* 
nodal  intluence: 

my^  r  Sonii -axes  major. 

Jupiter  722.10=    5.1>^4*  y^  5.203 

Saturn,  270.46  =    9.605'  ^^  9.539 

Xcptune,  ^       0:J.82  —  80. 1  lo'  ^^  30.037 

Earth.       '  1.00  y^  1.000 

Jupiter's  exponent  represents  the  variable  ratio  of  subsidence-accel*^'^  * 
tion  to  orbital  velocity;  Saturn's  the  product  of  orbital  time  by  m<^^ 
distance;  Neptune's,  the  variable  ratio  of  Laplace's  limit  to  nuclcal  radios- 


Jupiter, 

138.81  -    5.1788 

Saturn, 

30.68  =   9.800'^ 

Uranus, 

3.35  =  20.567^ 

Neptune, 

3.12  —  30.483* 

Earth, 

1.00 
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161.   Orbital  Momentum. 

The  division  ofmV'rhjr  gives  the  product  of  mass  by  orbital  velocity, 
or  orbital  momentum,  together  with  the  following  suggestions  of  photody- 
namic  or  nebular  activity  : 

m  -5-  i^F  Cardinal  Radii. 

y^  5.203 

^e  10.000 

aj  20.679 

og  30.470 

^,  1.000 

Jupiter*s  exponent  represents  the  ratio  of  its  photodynamic  orbital  vol- 
ume to  that  of  Earth  ;  Saturn's,  the  ratio  of  orbital  times  ;  Uranus's  the 
influence  of  mean  rotary  vis  viva  in  an  elastic  medium ;  Neptune's  the 
influence  of  a  centre  of  linear  oscillation  in  an  elastic  medium. 

162.   Coefficient  of  Solar  Torsion, 

of  a  stellar  system,  let  t  represent  the  duration  of  an  oscillation  or  half- 
rotation,  g  the  acceleration  of  gravity  at  the  stellar  equatorial  surface, 
r*  I  the  stellar  modulus  of  light  or  the  height  of  a  homogeneous  wthereal 
atmosphere  which  would  propagate  undulations  with  the  velocity  of  light. 
Then,  if  the  stellar  rotary  oscillation  is  due  to  the  reaction  of  cosmical 
inertia  against  cethereal  influence,  gt  is  equivalent  to  the  velocity  of 
light,  fj^. 

TT*  «'   W 

In  Coulomb's  formula  of  torsional  elasticity, /=  -q  ~/2  »  TT represents 

a  weight  suspended  by  a  wire,  a  the  coefficient  of  the  radius  of  torsion, 

/the  coefficient  of  torsion  for  the- extended  wire,  g  gravitating  acceleration, 

^time  of  oscillation  when  the  force  of  torsion  is  removed.    Api)lying  this 

''•riijuia  to  solar  rotation,  we  have 

m       W    r»  «>  r.  ^    ^ 

^"=  "2  ~  2  '  ~ gi^  ~  '  • '  •  -  «  ^  =  i/^  =  -  ^• 
"^t  gt  is  the  velocity  which  would  be  communicated  by  gravity,  at 
'''^'s  surface,  in  one  oscillation  of  half- rotation,  or  the  velocity  of  light  ; 
***  the  modulus  of  light  at  Sun's  surface  ;  a^  r^  is  the  theoretical  length 
^  pendulum,  at  Sun's  surface,  which  would  oscillate  once  in  each  half- 
^^^tion  ;  a  r„  is  the  length  of  an  equatorial  radius  rotating  with  Sun  and 
'^^'^'ing  the  superficial  orl)ital  velocity,    Vgr,   at  its  remote  extremity. 
^^^^  are  the  same  results  as  have  been  already  derived  from  simple  gravi- 
^^**^g  and  radiodynamic  considerations.  Notes  17,  48,  100,  etc.     Their 
*^^naent  in  this  form  may  be  satisfactory  to  some  readers  who  have  not 
V0i\owed  the  foregoing  investigations  through  all  their  details. 
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1C3.    Harmonic  Categories, 

TI)c  simple  discovery  of  so  many  harmonies,  in  all  dcpartmenU  of 
physical  science,  would  be  interesting,  even  if  it  were  accidental  or  wholly 
empirical.  The  fact  that  the  discovery  has  sprung  from  systematic  in- 
vestigations, under  the  guidance  of  well-known  laws,  adds  much  to  its 
importance.  The  following  results  seem  to  be  especially  important,  and 
somewhat  typical. 

1.  The  etinality  of  gt,  in  the  solar  oscillations  of  half- rotation,  to  the 
rdocity  of  UglU.    Notes  17,  162,  etc. 

2.  The  relations  of  mass  and  vis  vira  which  satisfy  cosmical  tendencies 
to  ucKlality,  sul>sideuce,  oscillation  and  orbital  revolution.  Notes  5,  2B» 
79,  91,  15«.  15a-«l. 

3.  The  far-reaching  evidence  of  elastic  influence  which  establishes 
measurable  progressive  relations  between  the  solar  system  and  the  fixed 
stars.     Notes  46,  111-5,  i:^0-2,  155. 

4.  Tlic  simplicity  of  the  relations  between  elastic  and  cosmical  m  «rff, 
which  furnish  datii  for  appro.\imate  estimates  of  Sun's  mass  and  distance 
bv  means  of  barometric  fluctuations.     Notes  104-5. 

5.  Tlie  relations  of  magnetic  and  cosmical  tis  tiva,  together  with  the 
evidence  which  they  furnish  of  the  dependence  of  solar  and  lunar  mag- 
netic disturbances  uix>n  thermal  and  tidal  influences.  Notes  2,  116-22, 
125-6. 

6.  Tlie  curioasly  symmetric  hannony  in  Mars  and  its  satellite-system. 
Note  28. 

7.  Tlio  varied  harmonics  of  spcctniT  lines,  tocrether  with  the  relations  of 
planetary  positions  to  luminous  nodos.  Notes  ;^>-45.  100,  141-2,  144-53. 
157. 

8.  Tlie  confirmations  of  predictions  wliicli  were  foundinl  upon  evidences 
of  the  inthicnce  of  harmonic  laws.     Notes  I^i,  1IJ3,  etc. 

9.  The  interchiuij^eablc  convertibility  of  physical  units.    Notes  90,  96. 

10.  Atomic  pbyllotaxy.     Notes  lir)-0.  14:{.    Although  Gerber's  divisors 
were  found  empirically,   they  represent   natural  elementarj'  grou]>s.    Hi« 
utter  want  of  suspicion  that  they  had  any  j^hysical  meaning  makes  them 
much  more  imi)orlant  than  they  would  have  been  if  his  invc^stigationshad 
been  biased  by  a  preconceived  hypothesis.     The  kinetic  th(^>ry  of  gases 
necessitates  harmonic  action,  and  the  tendency  to  division  in  extreme  and 
mean  ratio  leads  to  one  of  the  most  sin\ple  kinds  of  harmonj'.     There  is 
no  nece<>arv  inconsistency  between  the  doctrine  of  atomic  phy llotaxy  and 
PrcMit's  hypothesis. 

104.     Mcrcun/'s  Virtwd  Area. 

Tin'  fundamental  ratio  of  successive  virtual  areas,  J.  represents  the  rat \v^ 
of  the  locus  of  linear  centre  of  gravity  of  a  simple  pendulum  to  the  loovx^ 
of  its  centre  of  oscillation,  as  well  as  the  exponential  ratio  of  nucleatioix     X^ 
limitation  in  an  elastic  medium.     The  intermediate  step  between  the 
monic  areas  for  Mars  and  Venus,  Note  159,  may,  perhaps,  be  distribui 
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partly  among  the  asteroids,  partly  in  satisfying  special  requirements  of 
the  dense  belt,  and  partly  in  the  variations  of  tethereal  vis  viva.  The  mass 
of  Mercury  is  so  imperfectly  known  that  it  is  unsafe  to  put  much  trust  in 
the  accuracy  of  any  merely  harmonic  indications  of  its  value,  but  its 
virtual  area  is  unquestionably  of  the  same  order  of  magnitude  as  (f )'  of 
that  of  Mars,  or  4^,'^  of  that  of  Earth.  This  would  give,  for  an  approxi- 
mate estimate  of  the  quotient  of  8un*s  mass  by  that  of  Mercury,  4054440. 
The  two  intermediate  steps  may,  perhaps,  be  partly  absorbed  by  the  intra- 
Mercurial  harmonic  nodes  and  the  meteoroids  of  the  zodiacal  light. 

165.    Relative  Masses  of  Neptune  and  Mars, 

An  intermediate  step  between  the  virtual  areas  (Note  150)  and  the  nodal 
masses  (Note  156),  is  indicated  by  the  ratio  between  the  masses  at  the 
outer  limits  of  the  supra-asteroidal  and  the  intra-asteroidal  belts.  The 
quotient  of  the  square  of  Neptune's  harmonic  virtual  area,  22.644*,  by  its 
harmonic  radius,  80.036*,  is  17.071  ;  the  quotient  of  the  squared  area  of 
Mars,  (J)',  by  its  harmonic  radius,  1.660,  is  .10664 ;  the  ratio  of  the  masses 
and  the  mass-ratio  of  Sun  to  Mars  are  approximately  shown  in  the  follow- 
ing  proportions : 

m^:m^:  :  17.071  :  .10664  :  :  160.00  :  1 
m„  ^.m^::  (160.00  X  10380  =  3102544)  :  1 

166.   Various  Harmonic  Indications  and  Tests, 

If  K  represents  Earth's  limiting  nucleal  radius  (Note  150),  the  corres- 
ponding atmospheric  radius  would  be  ici  =  43,653.  Ilerschera  locus  of 
incipient  subsidence,  in  the  controlling  two-planet  belt,  or  Saturn's  secular 
aphelion,  is  1.0843280  times  the  outer  limiting  locus  of  the  belt  (Stockwell, 

Smithson.   Contrib.,  232,  p.  38);  tci  -?-  1.0843280  =  40.258,  which  is.  with 
close  approximation,  the  ratio  of  the  instantaneous  virtual  area  at  the  inner 
locus  of  the  controlling  belt,  to  the  corresponding  area  at  the  chief  centre 
of  condensation.     The  tendency  of  exponents,  in  elastic  media,  to  become 
coefflcicnts  of  elastic  vis  vim,  is  shown  in  Note  150.     If  we  use  the  sym- 
metrical harmonic  areas  for  Mars  and  Mercury,  the  percentages  of  differ- 
ence between  the  harmonic  and  virtual   areas  are,   respectively,   J  of 
.01,  I  of  .01,  I  of  .01,  f  of  .01,  \  of  .01,  .045,  .000.     In  testing  the  com- 
bined  harmonic  influences  of  a  uera  causa  which  is  subject  to  internal  per- 
tarbations,  there  is  room  for  a  possible  deviation  of  50  per  cent,  and  a 
probable  deviation  of  25  per  cent.     The  combined  probability  that  the 
approximations  in  Note  150  are  owing  to  oethereal  influence  is,  therefore, 
33  X  1J4  X  175  X  H^  X  175  X  ^'^  X  W  =  15664001727  :  1. 
^^e  following  points  of  symmetry  and  alternation  may  be  noted  in  the 
^odal  mass-factors  of  the  two  outer  planets.  Note  156  : 

*•    Tiie  tendency  to  equality  of  mean  orbital  vis  viva  in  Earth,  Uranus 
^d  ^€*ptune,  as  indicated  by  the  factors  /',,  y^  and  T%, 

i.  Am.  Ph.  Soc.,  zlii.  230. 
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2.  The  nodal  modification  of  Neptune's  mass  by  Earth's  secular  aphelion, 
and  of  the  mass  of  Uranus  by  Earth's  secular  perihelion. 

3.  The  nodal  modification  of  Neptune's  mass  by  its  own  mean  perihelioD, 
and  of  the  mass  of  Uranus  by  its  own  mean  aphelion. 

4.  The  modification  of  Uranus  by  Jupiter,  and  the  corresponding  modi- 
fication of  Neptune  by  Uranus. 


167.  Earth* 8  Modulus  of  Rotation  and  Jupiter* $  Eccentricity. 

Let  g^  represent  the  sum  of  the  gravitating  accelerations  of  Sun  and 
Earth  at  Earth's  equatorial  surface  ;  t,  time  of  Earth's  rotary  oscillation 
(J  sidereal  day);  p^,  Sun's  equatorial  semi-diameter;  r,.  Earth's  semi- 
diameter  ;  p^t  mean  projection  of  centre  of  gravity  of  Sun  and  Jupiter 
from  p^\  Pa~^  Po^  Jupiter's  maximum  secular  eccentricity ;  p^  Earth's 
semi-axis  major  ;  g^f*,  Earth's  modulus  of  rotation.    Then 

Up^  '  Pi'  '  Pa  '•  Po- 
The  photodynamic  or  oscillatory  values  of  Sun's  mass  and  distance,  Note 

91,  give  for  Sun's  gravitating  acceleration  of  Earth  ^-  (~)    =  331776  X 

(3962.8  -r-  92785700)^  =  .0006a5184  of  Earth's  equatorial  gravitating  accel- 
eration. If  we  adopt  Everett's  value  for  g,  g^i*  =  1.000605184  X  32.091 
X  43082*  -f-  5280  =  5043840  miles  ;  p^  h-  p^  =  .0608265.  Stockwell's  value 
{Snuth.  Cant.,  232,  p.  38),  is  .0608274. 


lOH.  Axis  of  Central  Subsidence  and  Rupture. 

The  influence  of  the  interstellar  photodynamic  paraboloid  is  shown  in 
the  boundaries  of  the  belt  of  ^rreatest  condensation.    The  locus  of  incipi- 
ent nipliire,  Mercury's  se(uilar  perilielion,  is  about  J  of  the  locus  of  incipi- 
ent subsidenee,  secularaphelion  of  Mars.  Stockwell's  values  for  the  two  U>ci 
are  .2J>T400H  and  1.730478.     This  j^lves  fur  the  major  axis  of  the  several  in- 
cipient ellipses,  deserilx^d  by  the  subsiding;  particles  from  the  outer  portion, 
of  the  belt,  .2974008  -f  1.730478  ■^.  2.0;?38788.     Let  g^  g^  represent  equa- 
torial superlieial  {gravitating  acceleration  of  Sun,  Earth,  respectively;  »^=.. 
///,.  masses  of  .Jupiter,  Earth  ;  Ut,  time  of  Jupiter's  orbital  revolution;     *B 
time  of  Earth's  rotation  ;  p^.  Earth's  semi-axis  major  ;  p^,  asteroidal  raAl^J 
ecpiivaleut  to  major  axis  of  incipient  ellipses  of  dense  belt.     Then 

hi  ^"i  Pn    _       /7fl 

'/5    ^   '"&  ^    p^~'   .7.1 
4332.58482  <-  mSMl  X  2.0:]38788  -^  —  =  27.S316 


Us 


331770   :-  27.8310  =  11920.8 


X 


»//j, 
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/>» 


~  =  l''il920.8  =  109.183 

To  =  109.183  X  3962.8  =  432669  miles. 
r^  =  92785700  -f-  432669  =  214.45 


These  results  may  be  compared  with  those  which  Avere  given  in  Xotes 
**  1 .  113  and  156>  the  extreme  range  of  difference  being  less  than  j\j  of  one 
*^OTcent. 

169.  Earth's  Incipient  Subsidence. 

Tf  the  various  relations  which  are  shown  in  the  foregoing  note  are  due 
'^^>     Eartlfs  atmospheric  and  nucleal  subsidence  from  the  centre  of  the 

<l<?iise  belt  (2*  =  1.0169394\  its  secular  aphelion  should  be  (  ^J   = 
1  -  0695.     Stockwell  gives  {op  cit.,  p.  38)  1.0677^^)2,  upon  the  assumption 

tl^at^^  =  368689.     On  page  xi  of  his  Introduction  he  gives  1.0693888; 

0  r»   page  xvil  he  gives  a  series  of  values  which  yield,  by  interpolation, 

1  .  0691  for  the  photodynamic  mass-ratio,  ^^  =  331776. 

170.     Progression  of  Fundamental  Atomicities. 

Tliomas  Bailey,  (Phil.  Mag.,  Jan.  1882,  p.  35),  gives  a  series  of  atomic 
"wr^-ights  corresponding  to  minimum  volumes,  which  are  members  of  the 
J2:*i^»inetric  series  a,  ab,  ab"*,-  air"*,  ab*,  the  value  of  b  being  ^  of  a  and  the 
■^'i^l  ue  of  a  being  10.  This  suggests  an  atomic  parabolic  motion,  like  that 
iri    the  photodynamic  or  interstellar  paraboloid,  in  which  ^  =  i-     We  may 

^Isio  Dotice  that  0  is  the  product  of  the  two  phyllotactic  numbers,  2  and  3. 

171.     Perissad  Phyllotaxy. 

Tlie  indications  of  phyllotactic  tendency  in   various  departments  of 

l»liysic8,  have  induced  me  to  test  Gerber's  groupings  of  chemical  atoms  by 

'■lotliods  which  seem  to  me  to  be  perfectly  legitimate.    In  order  to  remove 

*^n  effects  of  personal  cijuation  or  bias,  as  well  as  of  accidental  or  empirical 

^•inndence,   I  adopt    Clarke's    recalculation  of  atomic    weights   {Phil. 

^*tg.  [5]    12,    109-10),    and    my    strictly    phyllotactic    divisors    (Note 

^'^).  instead  of  Gerl)er*s  empirical  divisors.     In  view  of  the  a  priori  prob- 

•^bility  of  tendency  to  division  in  extreme  and  mean  ratio,  I  assume  that 

^"*5  ratio  of  probability  to  improbability,  in  each  instance,  is  equivalent  to 

'^t  least  I  D  :  (T-^O)  ;  JJ  being  the  phyllotactic  divisor,  7'  the  theorctic^il 

*^inic  weight  or  nearest  exact  multiple  of  I),  and  0  the  observed  atomic 

^^>ght  taken  from  Clarke's  tal)le.     I  have  added  Ub  and  Tl  to  Gerber's 

'*^  of  monatomic  elements,  and  Bo  to  his  trivalent  list. 

PBOC.  AMEB.  FHILOS.  80C.  XX.  111.  2r.      PKINTKD  MAY  22,  1882. 
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Monatomic  Group  ;  D,  = 

=  .768. 

T. 

O. 

T-O. 

Probability. 

Li 

9Di 

6.912 

7.007 

.095 

192  :    95 

Na 

30  Dj 

23.040 

22.998 

.042 

192  :   43 

K 

51  Di 

39.168 

39.019 

.149 

192  :  149 

Cs 

173  Dj 

132.864 

132.583 

.281 

192  :  281 

Fl 

25  Dj 

19.200 

18.984 

.216 

192  :  216 

CI 

46  D, 

35.328 

35.370 

.042 

192  :    42 

Br 

104  D, 

79.872 

79.768 

.104 

192  :  104 

I 

165  D, 

126.720 

126.557 

.163 

192  :  163 

Ag 

140  Di 

107.520 

107.675 

.155 

192  :  155 

Rb 

HID, 

85.248 

a5.251 

.003 

192  :     3 

Tl 

265  D, 

203.520 

203.715 

.195 

192  :  195 

Three  of  the  elements,  Cs,  Fl  and  Tl,  indicate  a  probability  that  the 
phyllotactic  approximation  may  be  merely  accidental.  The  aggregate 
probability^  that  the  combining  equivalents  of  the  monatomic  elements  are 
modified  by  phyllotactic  tendencies,  or  the  product  of  all  the  separate  prob- 
abilities, is  more  than  5610  times  as  great  as  the  probability  that  the  ap- 
proximations are  accidental. 

»  Tricalent  Group  ;  D,  =  1.559. 

o. 

14.021 

30.958 

74.018 

119.955 

207.523 

190.155 

10.041 

All  the  indications  in  this  group  are  in  fuvor  of  phyllotactic  influences, 
the  aggregate  ratio  of  probabilities  being  more  than  108426  :  1.     Multiply- 
ing this  by  tlH3  monatomic  ratio  we  get,  for  the  aggregate  perissiul  ratio, 
>  008375000  :  1. 

172.  Artiad  Phyllotaxy. 

Di-  or  Tetratomic  Group;  T>^  =  1.996. 


T. 

N 

9D, 

14.031 

P 

20  D, 

31.180 

As 

48  D3 

74.832 

8b 

77  D3 

120.043 

Bi 

133  D3 

207.347 

Au 

120  D3 

190.4:J4 

Bo 

7  1). 

10.913 

T-O. 

Probability. 

.010 

889.75  :    10 

.222 

889.75  :  222 

.086 

889.75  :    86 

.088 

389.75  :    88 

.176 

389.75  :  176 

.279 

389.75  :  279 

.028 

389.75  :    28 

T. 

0. 

T-O. 

Probability. 

0 

8D, 

15.008 

15.903 

.005 

499  :        5 

S 

10  I), 

31.930 

31.984 

.048 

499  :      48 

Se 

40  1)2 

79.840 

7S.797 

1.043 

499  :  1043 

Te 

04  I)., 

127.744 

127.900 

.210 

499.    210 

Mg 

12  1)', 

23.952 

23.959 

.007 

499  :        7 

Ca 

20  I)., 

39.920 

39.990 

.070 

499  :      70 

Sr 

44  1), 

87.«24 

87.374 

.450 

499  :    450 

Ba 

09  1), 

137.724 

130.703 

.961 

499  :    961 

C 

0  1), 

11.970 

11.974 

.002 

499  :       2 
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T. 

O. 

T-O. 

Probability. 

27.044 

28.195 

.251 

409  :  251 

49.900 

49.846 

.054 

499  :  54 

89.820 

89.367 

.453 

499  :  453 

117.704 

117.698 

.0(W 

499  :  06 

199.600 

199.712 

.112 

499  :  112 

WO.cJIIcj 

95.527 

.281 

499  :  281 

183.032 

183.610 

.022 

499  :  22 

119.760 

119.241 

.519 

499  :  519 

Si  14  D, 
Ti  25  D, 
Zr  45  D, 
Sn  59  D, 
Hg  100  D, 
Mo  48 1), 
W  92  D, 
U  60  D, 

Vo  of  these  elements,  Se  and  U,  give  adverse  indications  ;  the  aggre- 
S  "^  r  «  ratio  of  favorable  to  adverse  probabilities  is  more  than  17173770000000 
'  1  -  I  have  taken  J  of  Clarke's  estimate  for  U,  in  order  to  comimre  it  with 
O^  <?  rbcr's  assumed  atomicity. 

Supplementary  Ariiad  Group, 

"l^arker,  in  John%on^s  Cyelopfgdia,  gives  other  artiad  elements  which  Ger- 
l>^  r  places  In  his  group  of  metals.     In  order  to  couiplcfte  the  comparisons 
r  l&ich  are  base<l  ui>on  valency  they  are  inserted  here  : 

T.                   O.               T-O.  Probability. 

Gl           7  D,            13.972            13.095          .277  499  :  277 

Al         14  D,            27.944            27.009          .935  499  :  935 

In          67  D,          113.772          113.398          .374  499:374 

Zn         33  D,            65.868            04.9a5          .903  499  :  903 

Cd         50  D,          111.770          111.770          .000  499:      0 

Cu         32  D,            63.872            03.173          .099  499  :  090 

Pb       103  D,          2a5.5H8          200.471          .HH3  499  :  883 

Pd         53  D,          105.788          ia5.737          .051  499  :    51 

Pt          97  D,          193.012          194.415           .H03  499  :  803 

Yt          45  D,            89.820            89.810          .004  499  :      4 

('e          70  D,          139.720          140.424          .704  499:704 

I^a          69 1),          137.724          138.520          .H02  499  :  802 

r>i          72  1),          143.712          144.573          .801  499:801 

B:r          83 1),          165.608          105.891           .223  499  :  223 

Th       117D,          23:3.532          233.414          .118  499:118 

Or          26  D,            51.890            52.009          .113  499:113 

P^e         28  D,            55.8H8            55.913          .025  499  :    25 

>In        27  D,            53.892            53.900          .014  499  :    14 

>Ci          29  1),            57.884            57.928          .044  499  :    44 

Oc>         30  D,            59.880            58.887          .993  499  :  993 

Itu         52  D,          103.792          104.217          .425  499  :  425 

X^h         52  D,          103.792          104.a55          .203  499  :  2r,3 

Ir           91  D,          193.012          192.051          .901  499  :  901 

Os         99  D,          197.604          198.494          .890  499  :  890 

^  Qrat  sub-group,  Glacinum  to  Thorium,  inclusive,  con.si.st8  of  dyads 
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and  tetrads,  arid  gives  40911  : 1  for  the  combined  ratio  of  probabilitifcr- 
The  other  sub-group  is  hexad,  giving  the  aggregate  ratio  11611  : 1.  Tk>_ 
total  aggregate  ratio  of  the  artiad  elements  is  more  than  81585(10)"  :  1. 


173. 

Metallic  Phyllotaxy. 

D,  —  1.247. 

T. 

0. 

T-o. 

Probability. 

Gl 

11  J\ 

13.717 

13.972 

.255 

311.75  :  255 

Al 

22  n^ 

27.434 

27.009 

.425 

311.75  :425 

Sc 

35  I), 

43.645 

43.980 

.335 

811.75  :  335 

Cr 

42  D, 

52.374 

52.009 

.365 

811.75  :  3«5 

Fe 

45  1), 

56.115 

55.913 

.202 

311.75  :  202 

Ga 

55  D, 

68.585 

68.854 

.269 

811.75  :  269 

In 

1)1  D^ 

113.477 

113.398 

.079 

811.75  :    79 

Zn 

52  I\ 

64.844 

64.905 

.061 

311.75  :    61 

Cd 

9'J  I)^ 

112.230 

111.770 

.460 

311.75  :460 

Mn 

43  D, 

53.621 

53.906 

.285 

811.75  :285 

Ni 

4i\  D, 

57.362 

57.928 

.566 

311.75  :566 

Co 

47  J\ 

58.609 

58.887 

.278 

311.75  :278 

Cu 

51  D, 

63.597 

63.173 

.424 

311.75  :  424 

Pb 

IflG  I), 

207.002 

206.471 

.531 

311.75  :531 

Tl 

103  D^ 

203.261 

203.715 

.454 

311.75  :454 

Kb 

68  D, 

84.796 

85.251 

.455 

311.75  :  455 

liu 

84  D^ 

104.748 

104.217 

.531 

311.75  :531 

Rh 

83  D^ 

103.501 

104.055 

.554 

311.75  :554 

Pd 

85  D^ 

105.995 

105.737 

.258 

311.75  :258 

Ir 

154  D^ 

192.038 

192.651 

.613 

811.75  :613 

Pt 

150  D^ 

194.532 

194.415 

.117 

311.75  :117 

Os 

159  I), 

198.273 

198.494 

.221 

311.75  :  221 

Yt 

72  I), 

89.784 

89.816 

.032 

311.75  :    33 

Co 

113  Dj 

140.911 

140.424 

.487 

311.75  :  487 

La 

111  D, 

1:^^.417 

i:W.526 

.109 

311.75  :  109 

l)i 

ii(;i\ 

144.652 

144.573 

.079 

311.75  :    79 

Er 

133  D» 

i(i5.a5i 

165.891 

.040 

311.75  :    40 

Th 

187  D4 

233.189 

233.414 

.225 

311.75  :  225 

The  agg 

re  gate,  rutic 

>  is  i:J86.8 

:  1,  the  mean  ratio  for 

a  single  comp 

behig  somewhjit  less  i 

than  4  :  3. 

The  indication  of  phyllotactic  ten 

is,  therefore,  couipamtivelv  slight,  and  far  less  satisfactory  than  in 
grouping  according  to  valency. 

174.     General  Test  of  Atomic  Phyllotaxy. 

Coniputors  who  are  accustomed  to  calculations  of  probable  error, 
who  liavc  not  given  any  special  attention  to  the  harmonic  influences- 
:vthcreal  vibrations,  may,  perhaps,  question  the  propriety  of  making  t* 
allowance  for  an  a  priori  probability  of  division  in  extreme  and  mean  ra" 
For  the  satisfaction  of  all  doubts  upon  this  point  it  may  be  well  to  ap 
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test  which  will  be  rigid  enough  to  fulfill  the  broadest  requirements  of 
iinatical  likelihood.  If  we  substitute  /^  1),  for  i  D,  in  the  ratio  of 
bility  to  improbability,  we  provide  for  requirements  of  linear  oscilla- 
)rbital  motion  and  gravitating  tendency.  In  such  limited  ranges  of 
prison  as  are  possible  for  the  chemical  elements,  most  mathematicians 
1,  perhaps,  be  satisfied  with  this  substitution.  All  doubt  should  be 
r'ed  by  introducing  the  coefficient  of  probable  error,  ;674489,  and  using 
i9  X  i  r>  =  .168623  D.  If  we  let  n  represent  the  number  of  terms 
iven  group,  the  ratios  of  probability,  which  have  been  found  in  Notes 
,  should  be  multiplied  by  .674489*,  in  order  to  give  results  which  are 
ly  independent  of  any  a  priori  assumption.     We  then  find 

For  tlie  monatomic     group.  Note  171  73.75  :  1 

"       trivalent               "          *'    171  6885.88  :  1 

di-ortetratomic   •*          "    172  21253910000.00:1 

supp'yartiad       "          '*    172  37337.33:1 

aggregate  valency  403(10)**  :  1 

metallic  group.  Note  173  1  : '44.33 


tt 


1 1 


?  mean  ratios,  for  single  representatives  of  the  several  groups,  are 
1  lowing  : 

For  the  monatomic  group  •  1.478  :  1 

trivalent  "  3.534  :  1 

1st  ariiad         "  4.050  :  1 

2d        "  •'  1.550  :  1 

"       aggregate  valency  2.2:J5  :  1 

metallic  group  1  :  1.145 


(< 


uniform  character  of  the  phyllotactic  indicaticms,  in  the  groupings 
are  based  upon  similitudes  of  chemical  affinity,  is  very  ssitisfactory. 
who  are  willing  to  attach  weight  to  a  priori  considerations,  tln^ 
'  ing  statement  of  mean  nitios  may  be  acceptable  : 


t* 

•  « 
<« 

<( 
(( 
•« 
<< 


monatomic      group,  Note 

;  171 

2.102  :  1 

trivalent 

171 

5.223  :  1 

Istartiad 

172 

6.01)5  :  1 

2(1       "                 "          " 

172 

2.299  :  I 

aggregate  valency 

3.313  :  I 

metallic  group,               *' 

173 

1.295  :  1 

perissads 

3.076  :  1 

artiads 

3.423  :  I 

hvdroscen  unit 

2.084  :  I 

J  last  result  was  quite  unexpected.  It  was  obtained  b}'  assuming  .250 
rob.ible  mean  difference  from  exact  multiples  of  M,  and  treating  all 
lines  in  Clarke's  table  in  the  sam?  way  as  in  the  phyllotactic  exami- 
sof  Notes  171-3,  so  as  to  obUiin,  for  each  element,  the  ratio,  ^  H  : 
•  Altliough  the  aggregate  evidence  of  phyllotactic  influence  upon 
r»   ('^313  :  1),   is  nearly   1.6  times  as  great   as  the  evidence    of 
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hydrogenic  influence  upon  general  atomicity,  the  mathematical  probabilit 
of  the  latter  is  satisfactorily  established.  I  am  not  aware  that  the  viewi 
of  Prout  and  Dalton  have  ever  before  been  tested  in  any  way  like  this. 

175.     Combination  of  Harmonic  Influences, 

In  my  studies  of  cosniical  harmony  I  have  often  had  occasion  to  spea] 
of  the  simultaneous  operation  of  different  oscillatory  tendencies.     Simil 
tendencies,  involving  similar  modifications  of  resulting  rhythms,   mu« 
exist  in  the  various  fornis  of  molecular  activity.    Dr.  Thomas  Hill,  whos 
participation  in  Peirce's  investigations  of  planetary  phyllotaxy  have  glv< 
him  an  interest  in  other  like  researches,  having  suggested  that  the  sui 

J  (i\-V^r)),  might  be  more  closely  represented  in  tiie  atomic  ratios  than  L  .^mts 

phyllotactic  approximations,  I  have  tried  it  upon  each  of  the  fnirjrnii  ^i, 

groups.     I  find  some  evidence  of  its  influence,  but  the  combinations         -  of' 

phyllotacrlic  ratios  which  are  represented  by  my  two  divisors,  .TlWa^  ^>ri 

1.996,  are  much  more  satisfactory.     Therefore  it  seems  probable  tl 
although  the  ditterences  of  internal  work  may  prevent  any  precise  atoi 
commensurabilit y,  tiiere  are  as  close  approximations  to  precision  in 
elementary  atoms  as  there  are  in  plants  and  in  planets. 

170.     Fourier* 8  Doctrine  of  Elasticity. 

m 

The  early  views  of  Rittenhouse  and  other  American  investigators,*  f^ — -—re 
corrobomted  by  the  following  extract  from  Fourier*s  "  TAeorie  analytiq 
de  la  chalcur,"  which  is  cited  by  Melsens  in  his  report  on  Hirn's 
mental  invest  igai  ions  of  the  relation  which  exists  between  the  resistan^^*-^^*^ 
of  the  air  and  its  temperature  (Bull,  de  VAcad.  Boy.  de  Belgique,  [3] 
p.  3.'52,  8  Ortohre  ISSI). 

Art.  oii.  "La  chaleur  est  le  principe  de  toute  ^lasticite  ;  c'est  sa  fa 
repulsive  qui  conserve  la  figure  des  masses  solides  et  le  volume.des  liquid 
Dans  les  substances  solides,  les  moK^cules  voisines  cederaient  a  leur  att 
tion  mutuello.  si  son  eflet  n'etait  pas  d^truit  par  la  chaleur  qui  les  s^pa 
Cette  force  elasti(pie  est  d'autant  plus  grande  que  la  temperature  est  pL 
('leve3  ;  c'est  pour  fela  <iuc  les  corps  se  dilatent  ou  se  condonsent,  lorsqu' 
eleve  ou  lorsiiu'on  abaisse  leur  temperature." 

177.     TfSt  of  Atomic  Divisors  by  Arithmetical  Means, 

The  superiority  of  the  combined  phyllotactic  divisors,  over  the  sn 
divisors,   Gerber's  empirical  divisors  and  the  hydrogen  unit,   may 
further  shown  by  comparing  the  mean  percentages  of  diflerence  fix^ 
exact  multiples  of  the  several  divisors,  in  each  of  Gerber's  groups  : 

Jii(3-|/5).  >^(|/5-l).     H.    Gerbcr.  Pbyllo- 

UusUc. 

For  the  monatomic      group    .2549      .2404    .2084    .2140  .1804 

trivalent  •'       .2822      .2312    .1303    .0878  .0878 

di-ortetratomic    "       .2;^8.)       .2755     .2140     .1072  .1044 

"       metallic  "       .2598      .2543    .2:M2    .2635  .2546 

combined  aggregate    .2501      .2563    .2086    .1931  .1847 

•  See  Proc.  Ainer.  Phil.  See,  xvl,  208  seq. 
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We  find,  therefore,  that  in  this  comparison  the  evidence  of  phyllotactic 
influence  upon  valency  is  more  striking  than  that  of  the  hydrogen  unit  or 
of  Oerber's  empirical  divisors.  In  Gerber's  special  metallic  group,  how- 
ever, the  hydrogen  unit  furnishes  the  nearest,  and  Gerber's  divisor  the 
most  remote  approximation. 

178.    Probable  Errors  of  Atomic  Remainders. 

If  the  deviations  from  exact  multiples  of  the  several  divisors  are  treated  as 
errors  of  observation,  in  order  to  determine  the  ''probable  error,"  we  get 
the  following  results : 

Accidental.  H.  Gerber.  Phyllotactic. 

For  the  i)eri8sads      db  .0503        d=  .0433        =h  .0371        =b  .0300 

"      artiads  db  .0204        dz  .0280        dt  .0178        d;,.0180 

For  all  the  elemente  ±  .0206        dt  .0236        dt  .0163        db  .0154 

The  legitimacy  of  this  treatment  may  be  questioned,  but  it  cannot  be 
c'barged  with  any  unjust  partiality.  The  artiads  furnish  an  instance  in 
-which  Gerber's  empirical  divisors  give  the  nearest  approximation.  The 
lijdrogen  unit  is  still  the  least  satisfoctory  of  all. 

179.  Deduced  Laws  of  Atomicity. 

^otes  171-8  seem  to  justify  the  following  conclusions  : 
I.  If  all  the  atomic  weights  were  accurately  determined,  they  would  be 
found  to  be  exact  multiples  of  the  hydrogen  unit. 

2.  Chemical  combinations  are  influenced  by  phyllotactic  laws,  or  by 
tendencies  to  division  in  extreme  and  mean  ratio. 

3.  ^rtiad  and  perissad  combining  units  arc  difierent,  but  connected  by 
phyllotactic  ratios. 

4.  Metallic  structure  is  controlled  by  phyllotactic  laws. 

180.    Phyllotactic  ReUUions  to  Oxygen. 

In  N"ote  138 1  showed  that  37  of  the  elements,  according  to  Clarke's  table, 
'^'^y  be  more  neiirly  measured  by  ^y  O,  while  2(5  approximate  more 
closely  to  exact  multiples  of  H.  If  we  take  J  O  =  1.905  H,  we  get  Gerber's 
°**or  tetratomic  divisor,  from  which  others  may  be  deduced  by  simple 
phyllotactic  ratios  : 

Gerber. 
D,     1.995 
H        .9997 
Dj       .769 
D^    1.245 
D,    1.559 

^he  following  comparative  tables  introduce  all  of  Clarke's  recalculated 
atomic  weigUte  : 


Phyllotactic. 

a 

1.995 

iS 

=  i 

a 

.9975 

r 

—  A 

a 

.7673 

d 

=  f 

a 

1.2469 

e 

—  i 

d 

1.5586 
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Pbj'Uotiictlc. 

Gerber. 

Clarke. 

Ji 

J. 

J, 

H         p 

.9975 

H 

.9997 

1.0000 

.0000 

.0025 

.0003 

Li       9^ 

0.9057 

9Di 

6.921 

7.0073 

.0010 

.0147 

.0125 

Na    30^ 

23.0190 

30  Di 

23.070 

22.908 

.0001 

.0009 

.0081 

K     51^ 

30. 1323 

51  Di 

39.219 

39.019 

.0005 

.0029 

.0051 

Cs  173^ 

132.7429 

172  Di 

132.268 

132.583 

.0031 

.0012 

.00^4 

Fl     25  Y 

19.1825 

25  Di 

19.225 

18.984 

.0008 

.0103 

.0125 

CI     4«  Y 

1^.2958 

40  Di 

35.374 

35.870 

.0106 

.0021 

.0001 

Br  104  Y 

79.7992 

104  D, 

79.976 

79.768 

.0029 

.0004 

.0036 

1      105  r 

120.0045 

105  Di 

126. 8a5 

126.557 

.ooa5 

.0004 

.0026 

Agl40r 

107.4220 

140  Di 

107.060 

107.075 

.0030 

.0024 

.0001 

Tl  205  r 

203.3345 

205  Dj 

203.785 

203.715 

.0014 

.0019 

.OOOS 

Rb  111  r 

85.1703 

111  Dj 

85.359 

85.251 

.0029 

.0009 

.OOIS 

I  liave  added  Tl  and  Rb  to  the  elements  which  Gerber  included  in  hi«* 
monatomic  group.     J„   Jj  J,,  are  the  ratios  of  the  differences  belvreen. 

H,  Y  and  Di,  respectively,  and  the  values  which  may  be  found  by  a  divis- 
ion of  Clark(!'s  atomicities  by  the  IheoreticJil  atomicities.    Thearithmetiofc-T 
mean  values  correspond  with  tlie  order  of  arrangement,  viz.  :    Jp  .0038 
Jj,  .0034  ;  Js.  .0036. 


Di-  or  Tetratomic  ;  a  =  Dj- 


Pliyl.,  Gerber. 

Clarke. 

J| 

J,=  — ^ 

o 

8  D, 

15.90 

15.9fJ33 

.0023 

.00*  »* 

s 

10  I), 

31.92 

31.981 

.0005 

.Ot>-3J 

Sc 

WS)  I)', 

77.805 

78.797 

.0026 

.01  t2< 

Tc 

04  I),' 

127.08 

127.9(>0 

.0003 

.03-3  1 

Mg 

1  '2  I ) , 

23.94 

23.959 

.0017 

•on  or 

Ca 

20  I)' 

30.J)0 

39.990 

.0002 

.0i->e: 

Sr 

41  \y, 

87.78 

87.374 

.0043 

.0«>-«.< 

Ba 

00  1)^ 

137.055 

130.703 

.0017 

.0<>t*-' 

C 

0  I  )\ 

11.97 

11.9730 

.0022 

.m>i>=* 

Si 

14  \i 

27.93 

28. 195 

.0009 

,oor^"» 

Ti 

25  1 ).. 

40.S75 

49.840 

.0031 

.00i>^« 

Zr 

45  I), 

89.775 

89.3(i7 

.0041 

.IH>40 

Sii 

51)  1), 

117.705 

117.098 

.0026 

.oof.n 

Il.ir 

100  1)". 

11H).5() 

199.712 

.0014 

.0011 

Mo 

4H  1 )', 

95.70 

95.527 

.0049 

.1HV24 

W 

\V2  I), 

IS3.54 

183.010 

.0021 

.0004 

U 

120  D." 

2311.40 

238.482 

.0020 

.oo* 

These  arc  the  same  clciuonts  as;  arc  embraced  in  Gerber's  second  grotip 
The  aril li met ieal  mean  values  of  the  deviations  are,  Jj,  .0025  ;  J,.  -J* 
.0033. 
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Tri-  &r  Pentavalent ;  e,  D,. 


Phyllotaotio. 

Gerbcr. 

Clarke. 

Ji 

J2 

Js 

N 

9e 

14.0274 

ODs 

14.031 

14.021 

.0015 

.0005 

.0007 

P 

20e 

31.1720 

20  D3 

31.180 

30.958 

.0014 

.0069 

.0071 

As 

48e 

74.8128 

48  D, 

74.8:52 

74.918 

.0011 

.0014 

.0012 

Sb 

77c 

120.0122 

77  D3 

120.043 

119.955 

.0004 

.0005 

.0007 

Bi 

138e 

207.2988 

133  D5 

207.347 

207.523 

.0023 

.0011 

.0009 

Aa 

126  c 

196.3830 

120  D3 

196.434 

196.155 

.0008 

.0012 

.0014 

Bo 

7e 

10.9102 

7D, 

10.913 

10.941 

.0054 

.0028 

.0026 

Ta 

117e 

182.a562 

117  Ds 

182.403 

182.144 

.0008 

.0012 

.0014 

V 

38e 

51.4338 

33  D, 

51.447 

51.256 

.0050 

.0035 

.0037 

I  hare  added  Bo,  Ta  and  V  to  the  elements  which  Gerber  included  in 

this   group.     The  arithmetical   mean  values  of  the  deviations  are,   J„ 
.00308 ;  J^  .00212  ;  J,.  .00215. 

Metallic;  r5,  D^. 

Pbyllotactic.                        Gerber.               Clarke.  Jj           J^         Js 

Ql           7^              8.7283        7D4        8.715        9.085  .0094    .0408    .0411 

Al        22^            27.4318      22  D^      27.390      27.009  .0003    .0154    .0141 

^        35  o             43.6415      35  D4      43.575      43.980  .0005    .0078    .0092 

Cr        42  0             52.3698      42  D,      52.290      52.009  .0003    .0069    .0054 

^e       45,?            56.1105      45  D4      56.025      55.913  .0016    .0035    .0020 

'"          55 '5            68.5795      55  D^      68.475      68.854  .0021     .0040    .0055 


Ga 


5**  91  ^  113.4679  91  D^  113.295  113.398  .0035  .0006  .00>)9 

^'^  53'*  64.8388  52  D^  64.740  64.905  .0015  .0010  .0025 

^^  90'^  112.2210  90  D4  112.050  111.7T0  .0021  .0040  .0025 

^Jn  43 'J  53.0167  43  D^  53.535  53.906  .0017  .0054  .0069 

rf"  46 ''  57.3574  47  D^  58.515  57.928  .0012  .0099  .0101 

O^  ^47^  58.6043  47  D^  58.515  58.887  .0019  .0048  .0063 

^^  51  |j  63.5919  51  D^  03.495  63.173  .0027  .0066  .0051 

^^  166  |j  206.9854  166  1\  206.670  206.471  .0033  .0035  .0010 

i^^  84  ^j  104.7396  84  D^  104.580  104.317  .0031  .0050  .0035 

ij^  83^  103.4937  84  D,  104.580  104.055  .0005  .0054  .0050 

jP  ^  85, J  105.9865  85  D^  105.835  105.737  .0025  .0024  .0008 

**  155  ^  193.2695  155  D,  192.975  193.^51  .0018  .0033  .0017 

^  156,)  194.5164  156  D^  194.330  194.415  .0021  .0005  .0010 

**  159, J  198.2571  159  D^  197.955  198.494  .0035  .0013  .0027 

^  ^  72  ^  89.7768  72  l\  89.640  89.816  .0030  .0004  .0030 

^^  113  <)  140.8997  113  D4  140.G85  140.434  .0030  .0034  .0019 

jT^  111/7  138.4059  IIID4  138.195  138.536  .0034  .0(M)9  .0034 

^*  116 /J  144.6404  116  D^  144.430  144.573  .0039  .(M)05  .0011 

iy^*"  133 /J  165.8377  133  D^  165.585  165.891  .0007  .0003  .0018 

"^^  187  J  233.1703  187  1)^  233.815  333.414  .0018  .0010  .0036 

^torl39a  173.3191  139  D^  173.055  173.761  .0014  .0033  .0017 

"^lie  mean  deviations  are,  J^  .00337  ;  J.^,  .00521 ;  J,,  .00515.  In  order 
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to  complete  the  data  for  comparisons  of  probable  error,  I  repeat  this  groi 
with  artiad  divisors. 

Metallic,  II;  a  =  ^r 


Gl 

5D, 

9.975 

.0890 

Ru 

52  D, 

103.740 

.0^ZZ^4( 

Al 

14  Dj 

27.930 

.0329 

Rd 

52  Da 

103.740 

omz:^^ 

Sc 

22  Da 

43.890 

.0020 

Pd 

53  D, 

105.735 

.o^z^-co 

Cr 

26  D, 

51'.  870 

.0027 

Ir 

97  D, 

193.515 

.o^z^^^ 

Fe 

28  Dj 

55.860 

.0009 

Pt 

97  D, 

193.515 

.(xzm^e 

Ga 

35  D, 

69.825 

.0139 

Os 

99  D, 

197.505 

.(►c:>^o 

In 

57  Da 

113.715 

.0028 

Yt 

45  D, 

89.775 

.(m:x}o 

Zn 

33  Da 

65.835 

1.041 

Ce 

70  Da 

139.650 

.(K>^35 

Cd 

56  Da 

111.720 

.0004 

La 

69  D, 

137.655 

,(M>^33 

Mn 

27  Da 

53.865 

.0008 

Di 

72  D, 

148.640 

00^55 

Ni 

29  Da 

57.855 

.0018 

Er 

83  D, 

165.585 

.(K>:m8 

Co 

30  Da 

59.850 

.0161 

Th 

117  D, 

283.415 

.CH>*^ 

Cu 

32  Da 

63.840 

.0104 

Ytter 

87  Da 

178.565 

.00-^16 

Pb 

103  D, 

205.485 

.0048 

The  mean  deviation  is  .00885. 

181.   Comparative  Summary, 

Although  I  have  shown  in  Note  149,  that  Schuster's  test  will  often  f 
to  detect  harmonies  which  really  exist,  it  may  be  used  with  advantage 
many  instances  of  comparative  probability.    The  following  tables  seerxi. 
furnish  indisputable  evidence  of  phyllotactic  influence  upon  atomicity. 

Logarithms  of  ProhahUity, 


11 
in 
to 


Groups. 

PhyllotActlc.      Gerber. 

Hydrogen. 

Monatomic, 

3.7476668      3.6572183 

5.1634821 

Tri-  and  Pentavalent,         5.2591327      5.2591327 

3.8626605 

Di-  and  Tetratomic,          12.0650575     11.9044217 

6.1740365 

Metallic, 

3.0609802      1.2331805 

6.1850405 
20.3852196 

Aggregate, 

24.1328372    22.0539532 

Mean, 

.3770756        .3445930 
Arithmeticul  ResiduaU, 

.3185191 

Groups. 

PhyllotActlc.               Gerbor. 

Hydrogen  • 

Monatomic, 

.1672                     .1947 

.2842 

3  and  5, 

.0926                    .0926 

.1423 

2  and  4, 

.1059                     .1442 

.2119 

Metallic, 

.2487                    .2528 

.2247 

Mean, 

.1748                     .1912 
Relative  Probability. 

.2199 

Groups. 

PhyllotActlc.                  Gerber. 

Hydrogen. 

Monatomic, 

1.2315                      1.0000 

32.08^ 

3  and  5, 

24.9156                   24.9156 

1.0000 

2  and  4, 

77H0740.                 5375080. 

1.0000 

MetAllic, 

67.2666                     1.0000 

89507.6 

Aggregate, 

5592.649                     46.637 

1.0000 

Mean, 

1.144                       1.062 

1.0000 
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Uroops. 

Phyllotaotlc. 

'    Gerber. 

Hydrogen 

MoDatomic, 

1.0000 

1.1645 

• 

1.6998 

3  and  1$, 

1.0000 

1.0000 

1.0867 

2  and  4, 

1.0000 

1.3617 

2.0009 

Metallic, 

1.1068 

1.1229 

1.0000 

Mean, 

1.0000 

1.0938 

1.2580 

The  *' logarithms  of  probability  "  are  deduced  from  the  first  four  group- 
ings of  Note  180,  by  the  method  and  with  the  phyllotactic  values  which 
were  adopted  in  Notes  171^.  They  assign  a  greater  degree  of  importance 
to  the  strictly  phyllotactic  than  to  Gcrber's  approximately  phyllotactic 
divisors,  in  every  instance  ;  a  greater  degree  of  importance  to  the  hydro- 
gen divisor  than  to  either  the  strictly  phyllotactic  or  the  approximately 
phyllotactic  divisors,  in  the  monatomic  and  metallic  groups  :  a  greater  de- 
gree of  importance  both  to  the  phyllotactic  and  to  Gerber's  divisors  than 
to  the  hydrogen  divisor,  in  the  3  and  5,  2  and  4,  aggregate  and  mean 
groups. 

The  "arithmetical  residuals  "  are  deduced  from  the  first  four  groupings 
of  Note  180,  by  dividing  the  differences  from  exact  multiples  of  the  several 
divisors  by  the  respective  divisors,  by  the  method  which  was  adopted  in 
Note  177.  In  this  aspect  of  the  question,  as  in  Note  177,  the  hydrogen 
unit  is  most  important  in  the  metallic  group  ;  the  phyllotactic  divisors,  in 
each  of  the  other  groups  ;  Gerber's  coinciding  with  the  phyllotactic  in  the 
tri-  and  pentavalent  groups. 

The  "relative  probability"  and  "relative  residuals"  are  found  by  tak- 
ing the  least  value  in  each  group  as  the  unit.  The  indications  arc,  of 
course,  the  same  as  in  the  systems  of  grouping  fVom  which  they  were 
derived.  In  the  metallic  group  the  probability  of  predominant  hydrogen 
influence  is  89507.6  times  as  great  as  that  of  Gerber's  divisors,  or  1330.6 
Ames  as  great  as  that  of  the  phyllotactic  divisors.  In  the  di-  and  tetratomic 
?roup  the  phyllotactic  probability  is  more  than  7780740  times  as  great  as 
hat  of  the  hydrogen  divisor,  or  1.4475  times  as  great  as  that  of  Gerber's 

ivisors.      The  aggregate  phyllotactic  probability   is  15592.649  times  em 

reatasthatof  the  hydn)gcn  divisor,  or  119.918  times  as  great  as  that  of 

erber's  divisors. 

182.  Synopsis  of  Probable  Errors. 

"he  following  tables  arc  computed  on  the  hypothesis  that  the  atomic 

^hts  are  exact  multiples  of  the  several  divisors.     The  percentages  of 

li visors  which  represent  (T  — O)  -^  D,*  are  treated  as  errors  of  obser- 

D,  and  the  probable  errors  are  deduced  in  the  usual  way.    Those  per- 

^es  may  evidently  vary  between  0  and  d=  .5. 

-P^ote  171. 
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Groups. 

Montitomic, 
3  and  5, 
2  and  4, 
Metallic, 
Aggregate, 


Groupd. 

^lonatomic, 
3  and  5, 
2  and  4, 
Metallic, 
Aggregate, 


Prohalde  Errors, 

Surd  I.        Surd  II.  Hydrogen.  Gerber.  PhyllotocUc. 

rh  .0529     J-  .0545     rz  .0552  dr.  .0490  :*z  .0407 

-  .0588     rt  .0556     rh  .0445  -  .0253  i  .0253 

dr  .04ii8    rb  .0497     di  .0439  ifc  .0357  zfc  .0218 

-b  .0375    -_h  .0885     ±:  .0358  ±  .0358  =b  .0361 

Tfc  .0232     -b  -0242    zb  .0222  .-+=  .0200  db  .0181 

Relative  Probable  Errorti. 


Surd.  I. 

1.3001 
2.3211 
2.0101 
1.0473 

1.2812 


Surd.  II.    Hydrogen.  Gerber.  Phyllotactic. 


1.3401 
2.1933 
2.2764 
1.0752 
13394 


l.:3571 
1.7559 
2.0109 
1.0004 
1.2274 


1.2038 

i.oooo' 

1.0361 
1.0000 
1.1079 


1.0000 
1.0000 
1.0000 
1.0085 
1.0000 


Surd  I  is  J  (3  —  |/5);  Surd  II,  J  (v'5  —  1).  The  groupings  and  the 
ph^'llotactic  divisors  are  the  same  as  in  the  foregoing  DOte.  Phyllotactic 
l)recedence  is  shown  in  eight  of  the  groups  ;  Gerber' b  approximately  phyl- 
lotactic in  four  ;  hydrogen  in  one.  Surd  divisors  take  precedence  of  hy- 
dn)gen  in  four  of  the  groups.  They  suggest  the  probability  that  dextro- 
and  lo^vo- gyration  may  be  phyllotactic  phenomena,  originating  in  tenden- 
cies to  division  in  extreme  and  mean  ratio. 

1H3.  Probabilities  of  the  Surd  IHrisors. 

In  order  to  show  the  chanicter  of  the  evidence  to  which  I  referred  in 
Note  17.*),  and  thus  complete  the  conipanitive  examination  which  I  have 
undertaken,  I  add  the  following  tables. 

Logarithms  of  Prohability.      Arithmetical  Residuali, 


Groups. 

Surd  I. 

Surd  II. 

Surd  I. 

Surtl  II. 

Monatoniie, 

.G.SOr)0C4 

.9097215 

.240 

.239 

3  and  ."), 

1.47G69(J2 

1.14902r)0 

.231 

.226 

2  and  4. 

3.482i)337 

.1602944 

.238 

.275 

Metallic, 

1.74in27S 

1.49798.13 

.260 

.266 

.'Vgirre.irate, 

7.3803241 

3.H076262 

,247 

.258 

Mean, 

.115.15S3 

.0594942 

•  ■   •  • 

•  •  •  « 

The  arithnietieal  residuals  are  s<.)  near  Schuster's  limit  that  thoy  furnish 
but  slijxht  evidence  of  harmonic  intluenee.  The  mean  probabilities,  1.304 
and  1.147,  are  also  eoniparalively  small,  but  inasmuch  as  each  of  the 
groups  indicates  a  deci<hMl  probability,  while  the  a.irjrregatcs  are  more  than 
24,500.000  and  6420  respecriv(?ly,  any  hypothesis  of  accidental  deterraina- 
tion  mu<t  l)e  rejr'(te<l.  Perhajjs  the  nio<t  important  use  which  we  can 
make  of  the  results  is  to  extend  the  comparisons  of  the  foregoing  note,  so 
as  to  add  further  cogency  to  the  proof  of  phyllotactic  sway. 
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Aggregate 

Mean 

Residual 


lielatite  Probability. 

Phyllotactlc.  Gerbcr.  Ilydrogcti, 

2114o(10)i«  17(W(10)'*  378(10)»* 

2.078  1.928  1.815 

1.476  1.349  1.173 


Sunl  I.  Surd  II. 

3810.8  1 

l.KW       1 
1.044       1 


184.  Another  Comparatite  Summary. 

If  we  take  the  percentages  of  deviation,  instead  of  the  fnietional 
deviations  from  exact  multiples  of  the  several  divisors,  and  divide  by  the 
number  of  hydrogen  units  which  most  nearly  represents  each  of  Clarke's 
atomic  weights,  we  obtain  data  for  computing  other  proba])ililies  and 
probable  errors,  which  are  given  below  : 

Logarithms  of  Relative  Probability. 


Groups. 

Phyllotactlc. 

Gerber. 

Hydrogen. 

Surd  I. 

Surd.  II. 

Monatomic 

5.0490205 

4.6466652 

5.7455887 

.0000000 

2.7689906 

3  and  5 

4.5555159 

4.5555159 

2.8622287 

.0000000 

.0090219 

2  and  4 

12.2941388 

10.7902815 

4. 54358:  JO 

1.0009281 

.0000<K)0 

3Ietallic 

.5855468 

.0000000 

4.17085:J8 

.20a5275 

.2278173 

Aggregate 

21.2824064 

18.7910070 

16.1207986 

.0000000 

1.8043741 

Mean 

.3325385 

.2936095 

.2518875 

.0000000 

.02819:W 

Probable  Errors, 

Cjroaps. 

Pbyllotactic. 

Gerber. 

Hydrogen. 

Surd  I. 

Kurd  II. 

Monatomic 

rb  .00117 

±z  .00153 

-^  .00100 

±:  .00393 

'V-  .00328 

3  and  5 

±1  .00043 

-  .00042 

-  .ooa>9 

^z  .00290 

•    .00264 

2  and  4 

-  .00035 

±:  .00039 

r:  .00a50 

-  .00221 

•    .00161 

Metallic 

±L  .00065 

-4  .00098 

-^  .0#117 

■^.  .00076 

*■  .00096 

Aggregate 

^  .00036 

-  .ooa>i 

^  .00028 

i:  .00103 

•    .00090 

185.  Incipient  Phyllotiixy. 

The  prolmble  errors  both  in  Note  182  and  in  X'4e  184,  si'^iii  to  jrive 
more  indications  than  are  furni«ihed  by  the  relative  probabilities,  of  surd 
influence  U]>on  atomicity.  There  U  room,  how^rvfr.  for  a  rea^ioiiable  doubt 
whether  those  indications  are  othrr  than  ac'<;id«MitJiI,  and  it  would  un- 
doubtedly be  desirable,  if  it  were  i»o«-ibU',  to  find  some  nionr  «;iti^fac- 
toiy  test  of  probabilities  which  are  t-o  near  to  the  boundary  lin«!  betwe<'n 
nonnal  and  ca.sual  coincidences.  In  thca'j'frr'-L'.it*'  probabilities,  hydro^c-n 
stands  between  the  surd  divisor*  and  the  pliyllotjictie  divi-or-.  The 
latter  were  tested  by  element^  which  arf  d*'n-er  than  hydrojren,  and, 
therefore,  have  a  creater  atomic  inertia.  Is  it  not  likely  th:tt  th'*  former 
may  find  their  rightful  provin<*e  in  a  more  jetlH-real  n-jrion,  either  in  ih«: 
primitive  "subsidence"  of  nebulon*  m.'ittj-r  or  in  the  undulations  which 
precede  subsidence?  C'ycliciil  tendenei'^s  nmy  natumlly  iK-come  more 
marked  as  solidification  increa^^-^. 
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186.  ForeBhadoteingB. 

The  greatest  superiority  of  Si  over  S,,  as  well  as  of  the  phyllotactic  and  ap- 
proximately phyllotactic  divisors  over  the  hydrogen  divisor,  is  found  In  the 
di-  and  tetratomic  group.  The  aggregate  probability  of  hydrogen  influence 
on  atomicity  is  more  than  0, 900, 000, 000, 000  times  as  great  as  that  of  S,, or 
more  than  37,800,000,000.000,000  times  as  great  as  that  of  8,,  or  more  than 
242,700,000,000,000,000,000  times  the  probability  of  accidental  coincidence. 
Each  of  these  numbers  should  be  multiplied  by  5592.6  to  give  the  proba- 
bility of  the  phyllotactic  divisors.  The  lowest  surc^  probability  in  either 
group  is  that  of  Sj  in  the  di-  and  tetratomic  group,  which  Is  only  1.446  : 1. 
or  a  little  more  than  13  :  9.  Even  this  ratio,  however,  is  satisfactory  as 
Indicative  of  incipient  action,  and  suggestive  of  researches  in  the  **  nascent 
state,"  the  "fourth  state  of  matter,*'  or  in  some  other  approximation  to 
the  aethcrcal  condition.  The  artiad  and  metallic  elements  seem  also  to  offer 
fields  for  important  future  discovery  in  regard  to  modifications  of  phyllo- 
tactic tendency  by  condensation  or  combination. 

187.  Hydrogen  Sluires  the  Phyllotaeiic  ProbabUitieB, 

In  the  foregoing  notes  I  have  treated  hydrogen  as  outside  the  phyllotac- 
tic group,  in  order  to  find  the  probability  of  the  hypotheses  of  Dalton  and 
Prout  as  compared  with  other  reasonable  hypotheses .  As  a  meml)er  of  the 
phyllotactic  group,  and  the  most  general  of  the  phyllotactic  divisors,  it 
shares  all  the  probabilities  of  the  group.  Therefore,  if  there  is  any  valae 
in  mathematical  tests,  the  views  of  Berzclius,  Turner,  ^larignac,  Stas  and 
Clarke,  as  to  the  importance  of  the  hydrogen  atom,  should  be  accepted, 
rather  than  those  of  Thomas  Thomson  and  Dumas. 

188.  Inertia  and  Elasticity. 

Thus  the  evidences  arc  multiplying,  in  every  direction,  of  the  unportancc 
of  giving  great  heed  to  the  blended  sway  of  inertia  and  elasticity,  in  all 
physical  researches.  The  moment  of  inertia  is  of  esi)ecial  importance, 
inasmuch  as  material  particles,  in  an  elastic  medium,  become  the  seata  of 
living  forces  which  enable  us  to  apply  the  laws  of  composition  and  reso- 
lution of  forces,  to  composition  and  resolution  of  motions.  The  principles 
which  I  applied  successfully,  in  1863,  to  barometric  estimates  of  the  Sun's 
mass  and  distance,  have  been  abundantly  exemplified  in  every  field  in 
which  1  liave  sought  for  evidences  of  their  influence,  and  now  they  arc 
found  at  the  very  threshold  of  material  structure,  where  cohesive  and 
chemical  attractions  first  show  themselves. 

189.  Phyllotaxy  of  Central  Forc^. 

I  have  already  sjmken  of  the  appearance  of  the  phyllotactic  numbers  1, 
2,  3,  5  and  8,  in  crystallization,  and  especially  in  the  mimicry  of  fh>8t- 
pictures.  The  simplest  phenomena  of  cent  ml  force  introduce  the  first 
three  phyllotactic  powers  ;  Kepler's  third  law  gives  the  phyllotactic  frac- 
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tional  exponent  }  ;  the  actionn  and  reactions  of  elasticity  and  inertia  in  nu- 
cleation,  assign,  as  I  have  shown,  the  product  of  two  pliyHotactic  expo- 
nents, 3  X  J  =  J.  in  the  ratio  of  variability  between  the  nucleal  radius 
and  Laplace's  limiting  radius  ;  the  relations  between  density  and  distance, 
in  efastic  media,  change  exponential  to  numerical  coefficients.  All  of  these 
phyllotactic  relations  spring  from  simple  and  elementary  mathematical 
principles,  to  which  the  actions  of  central  force  must  yield.  If  we  call 
the  fundamental  force  radiod^'namic,  we  may  be  continually  reminded  of 
its  alternating  centripetal  and  centrifugal  tendencies.  If  we  call  it  photo- 
dynamic,  the  term  will  be  naturally  suggestive  of  the  all-pervading  elas- 
ticity or  quasi -elasticity  which  propagjites  the  rays  of  lipht  and  thus  be- 
comes the  medium  through  which  we  get  all  our  knowledge  of  heavenly 
bodies,  as  well  as  the  largest  portion  of  our  knowledge  of  all  earthly  phe- 
nomena. 

190.  Phyllotaxy  of  Vvrtiuil  Areas. 

The  planetary  virtual  areas.  Notes  150  and  164.  are  jointly  related 
through  the  last  two  of  the  elementary  phyllotactic  principles  of  the  fore- 
going note.  Beginning  with  the  large^^t  and  primitively  central  planetary 
mass,  the  laws  of  uucleation  and  elasticity,  acting  first  outwardly  from  the 
Sun  and  then  inwanlly,  help  to  determine  the  reactionary*  tin  viva  of  Saturn, 
Xeptune,  Uranus,  Earth,  Venus,  Mars  and  Mercury,  in  regular  succession. 
In  passing  from  the  extra-asteroidal  to  the  intra-asteroidal  group,  another 
phyllotactic  succession  of  phyllotactic  ratios  shows  itself,  the  ratio  between 
the  harmonic  areas*  of  Uranus  and  Earth  l)eing.  within  less  than  1  j  per 
cent.,  (J)*,  the  exponent  being  the  phyllotactic  product  2x3.  This  is 
also  the  coefficient  of  orbital  retardation  at  the  centre  of  the  belt  of  great- 
est condensation  ;  it  is  the  J  power  of  the  ratio  between  the  harmonic 
areas  of  Jupiter  and  Earth,  thus  i)ointing  to  Uranus  as  a  nucleal  Im'us  for 
ivhich  Jupiter  represents  Laplace's  limit ;  the  locus  of  secular  perihelion, 
or  incipient  rupture,  for  Uranus,  is  nucleally  central  between  the  mean  loci 
of  Jupiter  and  Neptune ;  Uranus  and  Earth  are  at  opposite  extremities  of 
a  major-axis  which  would  be  traversed  by  light  in  the  same  time  that 
Sun  would  rotate,  if  it  were  condensed  until  its  present  equatorial  radius 
became  l^aplace's  limiting  radius.  These  live  acconhinces  present  a  chain 
of  phyllotactic  and  photodynamic  influences  which  seems  worthy  of  fur- 
ther st'idy. 

191.   Optiral  and  Thermal  RehitionB  in  Ortjnnir  LiquifJn. 

Briihl  (Ber.  Berl.  Chem,  Ges.  xiv,  253:^,  Nov.  1881  ;  cited  in  Am.  Jfur. 
Sci.  [3],  xxiii,  234),  finds  that  progressive  oxidation  has  the  same  influence 
on  the  optical  as  on  the  thermal  projMirties  of  organic  liquids,  the  refractive 
power  diminishing  as  the  amount  of  oxyiren  is  increased,  precisely  as  the 
lient  of  combination  diminishes.  Removal  of  hydrogen  or  its  replacement 
by  oxygen  pnxluces  the  same  effect,  so  that  lK)th  the  al)Ove  physical  values 

•  The  ratio  of  the  actual  virtual  area^  is  within  i<;  of  one  per  cent,  of  (};'• 
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are  greater  for  the  hydrocarbons  than  for  the  alcohols,  aldehydes,  acids, 
etc.,  derived  from  tlicm. 

192.  Subsidiary  Phylloiaxy, 

(ierber  (Les  Mondes,  [3]  i,  145),  after  referring  to  the  accuracy  with 

nv'hich  the  atouuc  weights  of  nearly  one-half  of  the  chemical  elements  have 

been  determined,  says  : — ••  Un  pareil  degre  de  rigueur  ne  saurait  dtrcatteint 

dans  rapplication  des  loisd'Avogadro,  de  Diilong  ct  Petit,  de  Mitscherlich. 

C'elles-ci,  comme  il  a  ele  dit,  sont  des  l-ois  de  conditions,  dont  nous  ne  pos- 

sedons  qu*  unc  formule  provisoire."    The  phyllotactic  approximations  are 

so  much  closer  than  those  which  are  here  spoken  of,  that  we  may  well 

hoiHj  for  some  imjwrtant  results  fn)m  their  subsidiary  employment  in  stoi- 

chiometry. 

193.    Olucinum. 

Gerbrr  {1.  c.  pp.  14(»-9),  thinks  that  the  law  of  Dulong  and  Petit  accords 
better  witli  tlic  atomic  weight  which  Nilson  and  Petersson  assign  to  Olu- 
cinum,  13. 0."),  tlian  witli  the  one  which  is  adopted  by  Mayer  and  Mendele- 
jefl,  9. 1.  The  same  thing  may  be  said  of  the  phyllotactic  and  the  approxi- 
mately phyllotactic  divisors,  for  13.65  =  11  X  1.-45  —  .045  =  11  X  1-247 
—Ml.  while  9.1  =  7  X  1245  +  .385  =  7  X  1.247  -f  .371,  the  residuals 
being,  respect i vol}',  8.5  and  5.5  times  as  great  in  the  latter  case  as  in  the 
former.  This  single  change  would  increase  the  »ui>criority  in  relative 
probability,  of  the  phyllotacrlic  divisors  over  the  hydrogen  divisor,  more 
than  twelve  fold. 

1 04.   ' '  The  Pn'ffciph  s  of  Mnfjndism.  * ' 

Cliarli's  ^Morris  (Jnt/r.of  Sri.,  [3]  iv,  71)  objects  to  the  magnetic  theories 
of  AmiJ^Tc  and  Weber,  as  follows  :     **The  Aniperian  theory  is  constantly 
and    irravi'ly  repeated  in  trxt -books,  to  the  present  day,  without  a  hint 
bf'lnjr  giv(Mi  of  the  in<lis])utable  fart  that  it  is  quite  at  variance  with  the 
principlL's  of  cneriry.  as  now  iindorstood.     It  is  easy  to  imagine  a  constant 
<uri'«»nt  of  elrr'trifity.  and  make  it  answer  a  definite  purpose,  but  the  truth 
is  that  no  such  tlnnjr  exists  as  a  constant  current  of  electricity,  in  the  Am- 
]»erian  sense.''     lie  ^oc^  on  to  speak  of  the  currents  of  static  electricity  M 
beint;  in«*tantaneons,  while  thos(M)f  galvanic  and  thermo-electricity  consist 
of  instantaneous  <'oniponents  and  cease  when    the  chemical  or  thermal 
e(iuiHl»rinni  is  restored.     But  is  the  e(iuilibriuni  in  the  terrestrial  thermal 
and  snwitatin.L^  <-uiTents  ever  restored?     In   1S(»4  {Proc.  A.  P..  S.,  \\,  3i»7. 
loot  note)   I  >li(»\ve(l  that  the  opposing  forces  of  rotation,  elasticity  an «\ 
gravitation    must  jiroduco  oscillations,     [n  various  ]>receding  and  snl>se- 
quent  papers  I  showed  that  tho«e  oscillations  must  ]>roduce  constant  cur - 
rents  of  --ucii  deseripii«)ns  as  Aini-ere  supposed. 

195.    Doijiiuitiidii. 

Many  modern    investiirators.  *  who  ])ride  theujselves  on   their  freedoni       j 
from  the  dreams  of  metaphysics,  continually  fall  into  ways  which  they 
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LC3«:>Teticnlly  condemn.  There  is  fully  as  much  dojpiiatism  in  pliysics  as 
I  metaphysics.  Whenever  it  springs  from  a  well-grounded  conviction. 
Im  i<:h  has  been  once  thoroughly  tested  and  which  always  courts  a  repeti- 
oxm  of  tests,  it  is  not  only  unobjectionable  but  it  is  highly  commendable. 
*rk.  «he  other  hand  when  it  is  merely  theoretical,  or  the  outgrowth  of  in- 
c^c?*ziite  prejudice,  it  has  no  rightful  place  in  any  discussion  which  claims 
scientific. 


196.  Numerical  Testtt, 

'X'tiere  has  been  an  immense  amount  of  valuable  mathematical  analy- 
st*   "^hich  has    been    mUundcrstood,  or    but    partially  imdcrstood,    for 
wra^nt  of   being   proj>erly  tested.     Results    are    never    valid    except  for 
tlie    ciata  which   they    emlMxly ;  they  are  always  subject    to    modiflca- 
^ton   by  neglected,  unknown  ^r  new  data.     The  "opprobrium  of  ther- 
nicKlynaniics "  amounts  to  nothing  more  than  the  statement  that,   from 
tln»    thita  which  Ijave    been   discussed  hitherto,  there  apiwars    to  be    a 
universal  tendency  to  physical  stagnation    and   death.     The    principle 
<»f  equal  action  and  reaction  ought  to  furnish  some  means  of  escape  from 
tUia  opprobrium.     The  way  of  escape  seems  to  have  been  indicated  by  the 
identiAoation  of  a  commtm  operative  velocity  in  light,  electricity,  chemis- 
^O"  *nd  gnivitation.     A  single  theoretical  result  which  has  been  quantita 
lively  verified,  is  worth  more  than  a  thousand  that  are  thought  to  be  be- 
yond the  reach  of  verification.     The  theorj'  of  dependent  C(»nnection  be- 
^"^^een  stellar  rotarj'  oscillations  and  the  nniction  of  cosmical  inertia  against 
*thfieal  influence  (Note  162  et  al.),  having  been  verified  by  the  test  of  our 
"^m,  seems  likely  to  oi>en  the  way  for  a  genenil  recognition  of  an  a'thereiil 
'''^'Hction  which  will  yield  an  exact  coniiK'nsjilion  for  all  physical  acti(»ns, 
**^«Pding  a  more  satisfactory  explanation  of  stellar  light  and  heat  than  can 
^^  drawn  from  meteoric  or  shrinkage  hypotheses. 

107.    Velocity  of  Gravitating  Action. 

0)jfTtions  have  been  urged  against  the  pf>ssil)ility  of  making  gravitation 
*c»  effect  of  light  undulations  unless  we  first  overthrow  Laplace's  conclu- 
"  >ii,  that  gravity  must  act  with  at  least  a  hundred  million  times  the  velocity 
light  and  that  its  action  may  be  regardeil  as  instantan(*ous.  I  answer  : — 
I  have  never  claimed  that  any  physical  phenomenon  is  the  efVect  of  an- 
^*€r  physical  phenomenon,  but  merely  that  the  ])hen<)mena  of  light  and 
"^vitation  are  s<»  related  as  to  siiow  that  thev  may  be  etfects  of  a  common 
'«*.     2.  The  nipidity  of  action  and  the  rapidity  with  which  the  results 
^ he  action  are  propagated  are  two  entirely  ditferent  things.     3.  If  the 
dts  of  gravitating  and  luminous  actions  and  reactions  are  identitlcd  in 
^r  rotations,  it  is  altogetlier  likely  that  the  forces  ujMm  whieh  these  re- 
depend  act  with  e(iual  spee<l.     4.   En  en  if  it  should  be  found  neees- 
to  proj)agate  gravitating  undulations  with  a  hundred  milliim  times  the 
ity  of  light,  it  would  be  as  easy  to  suppose  a  gravitating  a»ther,  with 
o  of  elasticity  to  density  which  is  (100, (MX), 000)=  times  that  of  the 
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luminiferous  npther,  as  it  isto  suppose  a  luminiferous  tether.  5.  All  nebulcs.  jr, 
aethereal.  and  other  uiiveritirt))le  hyiwtheses  are  useful  only  »«>  far  as  tb^j- 
serve  to  coordinate  catt*gories  of  phenomena  which  occur  as  they  woultl    if 
the  hypotheses  were  true.     i\.  I  showed,  long  ago,  tliat  no  merely  physical 
theory  or  hypothesis  has  ever  been  framed  which  would  explain  the  insUi^o- 
taneous  transmission  of  velocity,  and  that  such  transmission,  if  it  exists 
and  is  not  physical,  must  be  regarded  as  spiritual. 

198.    Varying  Orarit/iting  Velocities. 

The  foregoing  objections  may  be  further  obviated  by  a  consideration  of 
the  fact  that  gravitating  velocities  ijcgin  with  mere  tendencies  to  motion, 
and  that  some  time  must  elapse  before  the  velocity  becomes  appreciable. 
The  difficulty  which  Faraday  found,  in  reconciling  the  conser\'ation  of  en- 
ergy and  the  (correlations  of  force  with  gravitating  tendencies  which  vary 
inversely  as  the  square  of  the  distance,  is  a  mathematical  difficulty  which 
is  equally  involved  in  heat,  light,  electricity  and  all  other  manifestations 
of  radiant  energy.  The  element  of  constancy  ma}*  l)e  found  in  a  uniform 
elementary  velocity,  as  in  the  general  expression  for  stellar  gravitating 

acceleratiuu,  ff^—f     in  which  g^  is  the  acceleration  of  a  particle  at  tlic 

n 

distance  n,  r a,  is  the  velocity  of  light,  and  f^  is  the  time  of  a  single  oscil- 
lation or  half- rotation  if  the  star  were  uniformly  expanded  until  it  ha*^  * 
radius  equal  to  ;(.  " 

109.   Commensurability  nnd  Incommensurability. 

In  his  original  paper  (Mnth.  Afofifhiy,  i,  245),  Chauncey  Wright  sa*^'* 
•*  But  if  now  wo  seek  a  uniform  and  symmetrical  distribution  as  well  i*^* 
thorouirh  one,  the  interval  between  the  successive  points  must  beconst^^*' 

and  if  the  circumference  is  to  be  indefinitelv  sulniivided,  this  interval  i^* 

"he 

course,    incommensumte."      Such   indetinite  subdivision   can   hardly 

looked  for  in  any  of  the  onlinary  concrete  physical  phenomena,  henc<^  "^^ 
find  that  the  chemical  and  other  ap])roximations  which  we  have  exaiui*** 
are  better  represented  by  exact  phyllotactic  ratios  than  by  the  surd  dist*'* 
utive  tendencies.     Still  it  seems  likely  that  the  want  of  precise  comment ^^  * 
abilitv,  which  is  found  in  Clarke's  table,  mav  arise  fn>m  a  residual  tend^*"^  \ 
to  indetinite  subdivision,  nnd  for  this  reas<m  we  mav  find  that  no  incre^  ^    ^ 
accunicy  in  the  determination  of  atomic  weights  will  lead  to  the  estab^*         # 
nient  of  anv  series  of  divisors  which  are  absolutelv  exact.     I  can  thin" 
no  case  in  which  the  inconimensur.ibiHtv  of  the  surd  divisors  seems  lil 
to  be  nu>ro  completely  represented  than  in  the  Amperian  currents  (^ 
194). 

200.   ''Chstoil  Chtmintryr* 

Dr.  T.  Sterry  Hunt  {I^oc.  dimb.  Phil.  Soc,  reprinted  in  Am.  Jour. 
Feb.    188*2).    recites  "certain  views    enunciated    almost  simultaneo^' 
by  the  late  Sir  Benjamin  Brvnlie,  of  Oxfortl,  and"  himself,  in  the  lin 
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development  and  extension  of  **  the  remarkable  perception  of  great  chemi- 
cal truths  which  is  apparent  in  the  queries  appended  to  tlie  third  book  of 
Newton's  Optics,  as  well  as  in  his  hypothesis  touching  Light  and  Color.*' 
Brodie's  flr^t  announcement  of  the  assumed  existence  of  certain  ideal  ele- 
ments was  read  before  the  Royal  Society,  May  3,  18G6,  and  in  the  Spring 
of  1867  Hunt  "spent  several  days  in  Paris  with  the  late  Henri  Sainte- 
Claire  Deville,  repeating  with  him  some  of  his  remarkable  experiments  in 
chemical  dissociation,  the  theory  of  whicli  [they]  then  discussed  in  its  re- 
lations to  Fayc's  solar  hypothesis."  I  first  invited  attention  to  the  "na- 
scent" cosmical  equation,  or  the  equation  which  marks  the  limiting  ve- 
locity between  tendencies  to  cosmical  aggregation  and  to  cosmical  dissocia- 

fft 
tion  V  =  g.  on  Dec.  18. 1863  (Proc.  Am.  Phil.  Soc,  ix,  284  7).  On  April  1, 

1864  (75.,  p.  357),  I  said  :  "Absolute  rest  is  apparently  an  impossible  con- 
dition of  matter,  for,  to  whatever  extent  the  action  of  opposing  forces  may 
be  relatiTely  neutralized,  the  inconceivable  rapidity  of  a;thereal,  planetary 
and  stellar  motions  piodnces  a  constant  change  of  place.         «        •         • 
The  sum  of  all  the  instantaneous  energies  is  the  same,  whether  the  parti- 
cle fall  freely  for  any  given  time,  or  remain  apparently'  at  rest.     All  the 
potential  energy  which  is  transformed  in  one  case  into  the  actual  energy 
of  motion,  in  the  other  is  counteracted  by  an  equivalent  and  opposite  actual 
energy  of  elasticity."    On  July  15,  1864  (76.  p.  408),  I  suggested  "that 
one  of  the  most  probable  results  of  the  rotation  of  the  Earth  with  its  atmos- 
phere, in  an  sthereal  medium,  would  be  the  production  of  two  systems  of 
oscillations,  moving  with  the  rapidity  of  light."    In  October  and  Decem- 
ber, 1864, 1  presented  to  the  American  Philosophical  Society  the  "Numeri- 
cal relations  of  gravity  and  magnetism,"  for  which  the  Society  awarded 
its  Magellanic  gold  medal,  as  Airnishing  "good  reason  to  hope  that  by  the 
application  of  mechanical  laws  to  the  several  phases  of  the  {ethereal  undu- 
lations which  produce  the  phenomena  of  light,  heat,  electricity,  polarity, 
*Sgi%g&tion  and  diffusion,  we  ma}-  obtain  a  clearer  imdcrstnnding,  not 
only  of  all  the  meteorological  changes,  but  also  of  seismic  tremors,  crys- 
tallization, stratification,  chemical  action,  and  general  morphology,  "<76., 
p.  439).     On  Sept.  21.  1866  (Op.  cit.,  x,  209),  I  gave  my  first  indication  of 
the  photodynamic  importance  of  Earth's  situation  at  the  centre  of  the  belt 
[         "f  greatest  condensation,  and  on  April  2,  1869  (lb.,  xi,  106-7),  I  showed 
^^        that  Sun's  nascent  or  dissociative  velocity  is  the  velocity  of  light. 

201.  Nitrogen  and  the  Perissad*. 

If  Xewton's  belief  that  the  interstellar  a?ther  is  an  expanded,  universal 
^^liiosphere,  is  true,  it  seems  likely  that  the  two  principal  constituent  gases 
*^^  our  own  atmosphere  may  be  everywhere  as  abundant,  relatively,  as  they 
''^  within  the  reach  of  oiir  immediate  observation.  Even  if  this  is  not  the 
^^^^  we  may  reasonably  look  for  some  special  mathematical  evidences  of 
***©  importance  of  two  gases  which  have  so  wide  a  local  diffusion,  and 
^^ich  have  so  large  a  sway  in  chemical  combination  and  in  organic 
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growth.  In  Note  54  I  showed  that  a  large  number  of  the  elements  con 
either  7  or  8,  as  one  of  the  factors  of  the  integers  wliich  most  nearly  re 
sent  their  atomicity  according  to  the  liypotheses  of  Dalton  and  Pr 
These  two  numbers  denote  resjwctively  the  simplest  phyllotactic  sub-n 
tiples  of  N  and  O.  If  we  use  the  former  as  a  divisor  of  the  perissads,  tr 
ing  the  remainders  as  in  the  foregoing  notes,  we  get  the  following  resu 


<( 


(< 


Dp  =  7. 

Coefficient  of  D. 

Kemainder. 

Log.  R. 

Li 

1 

+    .0073 

¥.8633229 

Na 

8 

+  1.998 

.30a5955 

K 

6 

2.981 

.4743620 

Cs 

19 

—    .417 

T.  6201 360 

Fl 

3 

—  2.016 

.3044905 

CI 

5 

+    .370 

T.5682017 

Br 

11 

+  2.768 

.4421661 

I 

18 

+    .rM7 

T.745a552 

Ag 

15 

-f  2.675 

.42732:J8 

Tl 

29 

+    .715 

T.  8543060 

Rb 

12 

-i-  1.251 

.0972573 

Sum  of  Monatomic 

logarithms 

12".6980170 

N 

2 

+    .021 

"7.3222193 

P 

4 

+  2.958 

.4709983 

As 

11 

-  2.082 

.3184807 

Sb 

17 

+    .955 

r.980oa^ 

Bi 

30 

—  2.477 

.3939260 

Au 

28 

+    .155 

T.  1903317 

Bo 

2 

—  3.059 

.4855795 

Ta 

26 

+    .144 

T.  1583625 

V 

7 

+  2.256 

.3533391 

Sum  of  Tri- 

or  Pcntavalent  logarithms          ■2".6732404 

>f  Monatomic 

probability  ;  log.  1.75** 

—  ir.6980170  — 3.9754 

Tri-andPeutavalent     **        ;     "    1.7o» 

—  T.6732404  — 3.5141 

Total  Perissad 

7.4895 

202.    Oxygen  and  the  Artiads. 
If  wc  use  8  as  a  divisor  of  the  Artiads,  we  get  the  following  results: 


D,-8. 

Coefliclcnt  ol  D» 

Kcinainder. 

Log.  R. 

o 

2 

—    .0367 

"2^.5640661 

s 

4 

—    .016 

"2".  2041200 

Sc 

10 

1.203 

.0802656 

Te 

16 

—    .040 

Y,  6020600 

Mg 

3 

—    .041 

7.6127831> 

8f)2.1 
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Coefficient  of  D, 

Remainder. 

Ca 

5 

.010 

Sr 

11 

—    .626 

Ba 

17 

+    .763 

C 

1 

+  3.9736 

Si 

4 

—  8.805 

Ti 

6 

+  1.846 

Zr 

11 

—  1.367 

Sn 

15 

2.302 

Hg 

25 

—    .288 

Mo 

13 

.473 

W 

23 

—    .890 

U 

30 

—  1.518 

Log.  R. 

T.  0000000 

T.  7965743 

T.  8825245 

.5991841 

.5803547 

.2662317 

.1357685 

.3621053 

T.  4593925 

T.6748611 

T.5910646 

.1812718 


Sum  of  Di-  and  Tetratoniic  logarithms 


Gl 
A1 
8c 
Ct 
Fe 
Ga 
In 
Zq 
Cd 
Mn 
Ni 
Co 
Cu 
Pb 
Ru 
Rd 
Pd 
Ir 
Pt 


In 

Vb 


1 
8 
5 


4 


9 

14 

8 

14 

7 

7 

7 

8 

26 

13 

13 

13 

24 

24 

25 

11 

18 

17 

18 

21 

29 

22 


+  1.085 
-f  3.009 
+  8.980 

—  8.991 

—  .087 

—  3.146 
-f  1.398 
+    .905 

—  .230 

—  2.094 
+  1.928 
+  2.887 

—  .827 

—  1.529 
-f  .217 
+  .055 
-f  1.737 
+  .651 
+  2.415 

—  1.506 
4-  1.816 
+  3.576 
+  2.526 
+  .573 

—  2.109 
+  1.414 

—  3.239 


¥.5932287 

.0354297 

.4784222 

'.5998831 

.6010817 

■2'.9395192 
.4977587 
.1455072 

T.  9566486 

T.  8617278 
.3209767 
.2851070 
.4604468 

T.9175055 
.1844075 

T.  3864597 

Y.  7403627 
.2397998 

T.8135810 
.3829171 
.1778250 
.2591158 
.5533975 
.4024333 

T.  7581 546 
.3240766 
.1504494 
.5104109 


uixi  of  Metallic  logarithms, 


2.4334051 
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Log.  of  Di-  and  Tetratomic  probability;  log.  2"  —  7.5982287  =  12.5342818 
*'    Metallic  "  '*    2"  —  2.4334051  =  6. eW4(M9 

"    Total  Artiad  *'  18.218880 

Aggregate,  Per.  and  Art.  • '  25.7081898 

Mean  ''  .4018930 


«« 


ft 


By  reference  to  Notes  181  and  183,  it  will  be  seen  that  the  aggregate 
probability  of  atmospheric  phyllotactic  influeiice  is  more  than  37.6  times 
as  great  as  that  of  simple  phyllotactic  influence,  more  than  4510  times  is 
great  as  that  of  Gerbcs's  divisors,  more  than  210363  times  as  great  as  tint 
of  the  hydrogen  divisor,  or  more  than  2,083,840,000,000,000,000  times  as 
great  as  that  of  the  first  surd  divisor. 

203.    Precipitability. 

The  Philosophical  Magazine  for  March  1882,  contains  two  papers,  one 
by  Mills  and  Bicket,  the  other  by  Mills  and  Hunt,  on  chemical  equirt- 
lenc(*,  as  estimated  by  "equivalent  precipitability  of  sulphates,  bysodic 
carbonate,  from  an  aqueous  solution."    Among  the  conclusions  which 
they  have  drawn  from  their  work  the  following  seem  to  be  especially 
noteworthy  : — 1.  Precipitability  is  a  linear  function  of  mass.    2.  There 
is  some  evidence  that  the  precipitubilities  of  the  commixed  and  sepante 
sulphates  are  mathematically  related  in  a  simple  manner.     3.  Within 
moderate  limits,   precipitation  is  not  traceably  affected  by  temperature- 
4.  Two  elements  belonj^  to  the  same  jrroup  when,  in  saline  solutions  of 
identical  gt'uus,  they  may  be  equally  preci])itable.     The  simplicity  an»i 
charsicter  of  these  conclusions  are  such  as  to  suggest  lethereal  influence,  * 
suggestion  which  is  strengthened  by  the  final  equation,  >  =  o  =  .3Hl9;  v 

and  f)  being,    respectively,   the  ratio  of  precipitability  to  the  quantity  o* 

nickelous  and  c^xdmic  sulphate  taken.  The  nitio  is  the  same,  to  tli*^ 
fourth  decimal  place,  as  the  lirst  surd  divisor  in  extreme  and  mean  rati^"** 
.381900,  thus  indicating  a  beginning  of  ])hyllotactic  tendency  which  i-^ 
very  satisfactory. 

204.     Electrical  ConductUUy  of  Gases. 

Edlund  (P.  Mag.  [5]  xiii,  201),  cite**  the  experiments  of  Edm.  Becquer^^ 
(Ann.  de   Ch.  tt  Oe  Ph.  [*.5]  xxxix,  377),  showing  "  that  gases  begin  to 
<'()n<Uictors  when  heated  to  the  temperature  of  redness,  after  which  th* 
conductivity  increases  in  proportion  as  the  tempeniture  rises  alvore 
point,"  the  conductivity  increasing  as  the  density  of  the  gas  dim i nisi 
This  ai)proach    to   the   a'thcreal   condition    is  also  an   approach  to 
fundamental  a*thcreal  cis  rica,  which  is  shown  by  the  identity  of  veU 
in  the  propagation  of  luminous  undulations,  the  electrical  "ratio, 
the  gravitating  reactions  of  stellar  rotation. 
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205.    Ratio  of  ^Ethereal  Elasticity  to  Density. 

In  IDV  first  approximation  to  the  ratio  between  atmospheric  and  a'thereal 
^elasticities  (Proc.  Amer.  Phil,  Soc,  ix,  440),  I  followed  Herschel,  in  suppos- 
§,Jig  that  the  velocity  of  light,  in  the  interstellar  spaces,  is  uniform,  and  that, 
c:onsequcntlT,  the  elasticity  of  free  tether  varies  directly  as  its  density.  The 
^ame  conclusion  would  follow  from  Newton's  views  (See  Note  200),  and 
M  involved  in  Edlund's  discussions  of  the  relations  of  electricity  to  heat. 
^veiy  additional  evidence  of  harmonic  relations,  that  is  brought  to  light 
(brough  the  application  of  the  laws  of  gaseous  ela.sticity  to  the  kinetic 
gjUXher,  is  also  an  additional  evidence  of  the  truth  of  the  hypothesis  that  all 
physical  energy  is  transmitted  by  means  of  a  universally  diffused  elastic 
fX^edium. 

206.     Spectrum  of  Lightning. 

Schuster  (P.  Mag.,  [5]  vii,  319),  gives  some  of  bis  measurements,  at 
cSiffcTcnt  times,  of  lines  or  bands  in  the  lightning-spectrum,  comparing  tho 
fiicaiis  with  two  measurements  which  Vogel  had  deduced  from  his  own 
ot'^rvations.  The  harmonic  character  of  the  lines  is  clearly  shown  by 
cbc  following  tables.    The  value  of  a,  in  the  harmonic  divisors,  is  .01578.* 

SchuRter.  Mean.  Vogel.  Ilarnionic.    Uarmonic  Divisors 

559J  5592  1 

5348 

5329       5334       5341       5339       1  -\- S  a 

5325 

5260  5260       1  +  4  a 

5175 

5193       5182       5184      5183       1  +  5 « 

5177 

207.     Torsion,  Flexion  and  Magnetism. 

*^-  Wiedemann  (La  Lumiere  Elcctriquc,  vi,  90),  in  speaking  of  results 
o'^tained  by  the  torsion  of  wires  and  the  flexure  of  rods,  says  that  tlwi  phe- 
"•*niena  correspond  so  closely  with  those  of  magnetisni  that  the  words 

^*rsion*'  and  "magnetism"  are  almost  always  interchangeable.  This 
^  *  further  illustration  of  the  identity  of  fundamental  vis  vica,  which  was 
"^kt'Q  of  in  Note  204,  and  which  is  especially  exemplified  by  the  applica- 
^^  of  Coulomb's  torsional  coefficient  to  solar  rotation  (Note  162).  My 
^Uest  ** numerical  relations  of  gravity  and  magnetism"  (Proc.  Amer, 
^•'-  Soc,,  ix,  355 — 60,  425 — 40,  et  at.)  were  based  upon  the  mechanical 
^•^•equences  of  rotation  in  an  elastic  medium. 

'  208.     Phyllotaxy  and  Atomic  Heat, 

^*^e  constant  product  of  atomic  w^cight  by  specific  heat,  6,  which  is  indi- 

*^d  by  the  law  of  Dulong  and  Petit,  is  equivalent  to  tlie  continued  pro- 

**ct  of  the  first  three  numbers  of  tho  phyllotactic  series  1x2x3.  Were 
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this  an  isolated  fact,  little  importance  could  be  attached  to  it,  but  when 
we  bring  it  to  the  test  of  mathematical  prolmbility,  it  becomes  suggestire 
of  relations  which  may,  perliaps,  lead  to  important  discoveries.  In  the 
following  comparison  D  indicates  tlie  estimate  of  atomic  heat  which 
deviates  least  frjm  6  {Meyer,  Afod^rnen  Theor,  d.  Chem.  Ed.  of  1880, 90, 
106)  ;  «,,  the  ratio  of  deviation  from  exact  correspondence  with  the  theo- 
retical value;  C,  the  observed  multiples  and  values  of  the  perissadand 
artiad  divisors  (Notes  201 — 2) ;  oj,  their  deviation  from  the  theoretical 
values : 


D 

«i 

C 

« 

<t 

Li 

6.0 

.1000 

ix 

7.0 

.0000 

Na 

6.7 

.1167 

3X  7.7 

.1000 

K 

6.5 

.0833 

6X 

6.5 

.0714 

Fl 

5. 

.1667 

3X 

8.3 

.1000 

CI 

6.4 

.0667 

5X 

7.1 

.0143 

Br 

6.7 

.1167 

11  X 

7.3 

.0439 

I 

6.8 

.1333 

18  X 

7.0 

.0000 

Ag 

6. 

.0000 

15  X 

7.2 

.0286 

Tl 

6.8 

.1333 

29  X 

7.0 

.0000 

Rb 

6.4 

.0667 

12  X 

7.1 

.0148 

N 

5. 

.1667 

2X 

7.0 

.0000 

P 

5.9 

.0167 

4X 

7.7 

.0429 

As 

6.1 

.0167 

10  X  7.5 

.0714 

Sb 

6. 

.0000 

17  X 

7.1 

.0143 

Bi 

6.5 

.0833 

30  X 

6.9 

.0143 

Au 

6.4 

.0667 

J>8  X 

7.0 

.0000 

Bo 

.0833 

2X 

5.5 

.0714 

O 

4. 

.3333 

2X 

8.0 

.0000 

8 

5.7 

.0500 

4X 

8.0 

.0000 

So 

6. 

.0000 

10  X 

7.9 

.0125 

Te 

6. 

.0(K)0 

16  X 

8.0 

.0000 

Mg 

6. 

.0000 

3  X  8.0 

.0000 

Ca 

6.8 

,1333 

5  X 

8.0 

.0000 

8r 

6.4 

.0667 

11  X 

7.9 

.0125 

Ba 

6.4 

.0667 

17  X 

8.0 

.t>000 

(J 

5.5 

.0833 

1  X 

12.0 

.5000 

Si 

5.7 

.0500 

4X 

7.0 

.1250 

Ti 

6.4 

.0607 

6X 

8.3 

.0375 

Zr 

6. 

.0000 

11  X 

8.1 

.0125 

Su 

6.5 

.0S33 

15  X 

7.8 

.0250 

Hj.' 

(>.  :j 

.0500 

i35  X 

8.0 

.0000 

Mo 

6.9 

.0167 

r^x 

8.0 

.0000 

AV 

6.1 

.0167 

30  X 

7.0 

.0125 

Gl 

5.6 

.1000 

1  X 

9.1 

.1375 

Al 

5.8 

.0333 

3X 

9.0 

.1250 

Cr 

6.1 

.0667 

7X 

7.4 

.0750 
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]> 

h 

Fe 

6.8 

.0500 

Ga 

5.5 

.0888 

In 

6.5 

.0883 

Zn 

6.1 

.0167 

Cd 

6. 

.0000 

Mn 

6.7 

.1167 

Ni 

6.4 

.0687 

Co 

6.8 

.0500 

Cu 

6. 

.0000 

Pb 

6.3 

.0500 

Ru 

6.8 

.a500 

Rd 

6. 

.0000 

Pd 

6.3 

.0500 

Ir 

6.8 

.0500 

Pt 

6.8 

.0500 

Ob 

6.2 

.0888 

Ce 

6.8 

.0500 

La 

6.2 

.0883 

Di 

6.4 

.0667 

1  X  8.0  .0000 

9  X  7.7  .0875 

14  X  8.1  .0125 

18  X  8.1  .0126 

14  X  8.0  .0000 

7  X  7.7  .0875 

7  X  8.8  -0375 

7  X  8.4  .0500 

8  X  7.9  .0125 
26  X  7.9  .0125 
18  X  8.0  .0000 
18  X  8.0  .0000 
18  X  8.1  .0126 
24  X  8.0  .0000 

24  X  8.1  .0125 

25  X  7.9  .0125 
18  X  7.8  .0250 

17  X  8.1  .0125 

18  X  8.0  .0000 

Is  comparison  shows  that  the  general  deviations  from  Dulong  and 
Petit* 8  law,  while  they  are  of  the  same  order  of  magnitude,  are  much 
S^^aier  than  the  deviations  from  the  perissad  and  artiad  divisors. 

209.     Secondary  Character  of  Perissad  Phyllotaxy, 

^^though  the  fractions  which  are  formed  by  successive  approximations 
'o  ^hesurd  divisors  represent  phyllotactic  dextro-  and  la)vo-gy ration,  other 
•*rte8  of  a  higher  order  may  spring  from  greater  initial  differences.  If  we 
*^ptbe  first  even  number,  we  get  the  series  1,  8,  4,  7,  11,  18.  etc.  Hence 
^®  see  that  the  fundamental  perissad  and  artiad  divisors  both  start  from 
^*  phyllotactic  number  which  most  nearly  represents  the  first  surd 
^^^isor,  3,  and  are  formed  by  adding  the  next  artiad  number  for  the  peris- 
**^  divisor,  and  the  next  perissad  number  for  the  artiad  divisor.  The  co- 
*«lcieiit  of  atomic  heat  is  also  formed  from  the  same  representative  of 
^^bion  in  extreme  and  mean  ratio  by  taking  its  simplest  artiad  multi- 
^^«'  2  X  8. 

210.     Comparison  of  Probabilities. 

*^  looking  more  closely  into  the  deviations  which  are  given  in  Note  208, 
^  And  the  following  indications  of  superiority  in  the  perissad  and  artiad 

T*hc  approximation  of  the  observed  values  within  .05  of  the  theoreti- 
j.     '^•lues  occurs  19  times  in  my  columns,  and  only  9  times  in  those  of 

'^c  average  deviations  are,  di  =  .0642  ;  5,  ^  .0844. 

^^OC.  AMBR.  PHILOS.  80C.  XX.  111.  2n.      PRINTED  JUNE  3,  1882. 
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3.  The  sums  of  the  logarithms  of  the  reciprocals  of  deviation,  'which 
indicate  the  aggregate  relative  probabilities  of  normal  influence,  are  : 
70.4555173  ;  89.2027807. 

4.  The  ratio  of  aggregate  probabilities  is,  therefore,  Pj  :  P,  :  :  1  :  64159 

(10)**.     The  ratio  of  mean  probabilities,  P^,  is/jj  :p,  :  :  1  :  2.1976. 

5.  Testing  the  hydrogen  unit  in  a  like  way,  I  find  the  average  deviation, 
tJs  =.0024  ;  V log  (1  -J-  0%)  =  152.5459742 ;  log.  relative  probability,  takhig 
Pj,  as  the  unit,  82.0904569.     This  gives,  Pg  =  12315  (10)" ;  p,  =  31.0852. 

6.  In  accordance  with  the  principle  of  least  squares,  these  values  of  p 
should  be  reduced  inversely  as  the  fundamental  divisors.  This  gives 
Pi-Pi'  Pi  •  P4  •  :  1  '  1-71  :  4.44  :  5.08  ;  log  (P,  -f-  P^)  =  12.8482860 ;  log 
(P^  H-  P,)  =  35.6100415  ;  log  (P^  -^-  Pi)  =  38.8306765  ;  p^  and  P^  being  re- 
spectively,  the  mean  and  aggregate  probabilities  of  the  phyllotactk: 
divisors  (Note  181).  The  corresponding  mean  relative  probabilities  for 
iSj,  /Sj,  and  Gerber's  divisors  are  respectively,  2.78,  2.45,  4.72. 

21 1 .     Suggtstionsfor  Further  Intestigation, 

The  ratio  between  p^  and  pj^,  in  the  foregoing  note,  has  been  gradually 
diminished  by  suc3essive  approximations,  and  by  making  allowance  for 
theoretical  considerations,  which  have  seemed  to  justify  the  adopticn  of 
some  exact  multiple  or  submultiple  of  an  atomic  weight  which  had  been  pre- 
viously accepted.     The  ratio  between  jh  *^nd  /)j,  favorable  as  it  already  is 
for  the  latter,  is  based  upon  a  comparison  of  the  latest  revision  of  the 
atomic  heats  with  the  first  crude  application  of  the  perissad  and  artiad  divi- 
sors.    If  Dulong  and  Potit's  law   is  entitled  to  great  weight  in  determi- 
nations  of  atomif'ity.  a  still   stronger  claim  may  be  urged  in  behalt  of 
divisors   which  have  a  mean   probability  that  is  more  than  70  per  cent, 
greater.     If  Dunias's  proposed  modification  of  Front's  hypothesis  were 
applied  to  Si  and  Cr,  their  atomicities  would  be  very  closely  represented 
by  ,v  X  H  «nd  ^*  X  H  ;  P  is  very  nearly  f;  X  ^  X  7,  or  verj'  nearly  V  of 
the  monatoniic  phyllotactic  divisor  ;  Na  is  about  30  times  the  monatomic 
divisor  or  2  X  H,  H  beinir  the  phyllotactic  number  which  follows  7  in  the 
secondary   series    (Note  209)  ;  I5o  is  7.01R  times  its   proper  phyllotactic 
divisor.     Si.  (.'r,  Na  and   P  may,  perhaps,  have  tendencies  towards  the 
opj>osite  grouj),  pcjri.'-sad  or  artiad,  the   investigation  of  which  may  ihrov 
liirht  upon  the  beginnings  of  valency. 

212.      Chunii-al  KUctricity, 

Davy's  discovery  of  potassium  laid  the  foundation  of  electrolysis,  intro- 
ducing polarity  as  an  important  modilier  of  chemical  attraction.  The  at- 
tractions and  repulsions  of  Sir  William  Thomson's  hyjK)thetical  vortex- 
atoms  involve  gyroscopic  tendencies  to  maintain  uniform  j>lanes  of  rota- 
tion, which  nnist  aid  the  normal  arrnnLrements  of  lethereal  particle.*!  (Z^''^' 

• 

Am.  Phil.  Snt\,  xii,  4(>S)  in   the  detennination  of  axial  and  jwlar.  centn- 
fugal    and   centripetal  relations.     H^nce  arise    various  combinations  « 
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motion  and  tendencies  to  motion,  which  are  obedient  to  simple  mechanical 
laws,  and  which  give  rise  to  the  different  classes  of  radiodynamic  phe- 
nomena which  we  call  gravitating,  electric,  magnetic,  thermal,  chemical, 
etc.  In  consequence  of  the  universality  of  motion,  which  seems  to  make 
absolute  equilibrium  an  absolute  impossibility,  the  tendencies  to  division  in 
extreme  and  mean  ratio  are  never  repeated  in  the  same  exact  plane,  but 
they  partake  of  a  more  or  less  intricate  spiral  character,  such  as  is  uni- 
formly shown  in  vegetable  growth.  The  comparative  relative  stability  of 
axes,  even  in  ultimate  molecules  and  atoms,  must  produce  ethereal  oscilla- 
tions which  are  parallel  to  the  axis,  as  well  as  those  which  are  radial  and 
tangential  (Op.  eit.,  ix,  408),  giving  rise  to  solenoidal  currents,  such  as  are 
assumed  in  Ampere's  hypothesis. 

213.     Earth's  * '  Puliation  Ptriod. ' ' 

Proctor  (Cantemporary  Rev.,  March,  1882,  p.  479),  speaks  of  '*the  time 
when  the  Earth's  rotation  began  to  approach  to  synchronism  with  her  pulsa- 
tion period  "  or  *'  the  period  of  vibration  of  her  mass  after  any  impulse  (af- 
fecting the  whole  Earth)  had  been  received  from  without.  The  Earth  would 
as  certainly  have  had  such  a  pulsation  period  as  the  vibrating  substance  of  a 
bell  has."  This  admission  is  interesting  as  an  evidence  of  increasing  recog- 
nition of  the  truths  which  are  involved  in  Ilerschel's  doctrine  of  nebular 
elasticity  or  quasi-clasticity,  and  which  arc  the  groundwork  of  all  my  har- 
monic researches.  Proctor,  however,  in  trying  to  explain  the  supposed 
retardation  of  Earth's  rotation,  overlooks  the  more  than  three  hundred- 
fold acceleration  which  Laplace's  hypothesis  would  require. 

214.     The  "  Reproach  "  of  Thermodynamics, 

The  hypothesis  that  stellar  systems  are  cooling,  condensing  and  giving 
out  heat,  imparting  their  tis  vita  to  the  luminiferous  tether  without  receiv- 
ing anything  in  return,  and  that,  consequently,  all  things  arc  tending  to 
uUimate  physical  stagnation  and  universal  death,  is  so  unphilosophical 
md  altogether  unsatisfactory  as  to  show  that  some  important  element 
nust  have  been  overlooked.     If  we  were  granted  infinite  elasticity,  or  a 
aedium  acting  under  elastic  laws  but  without  density,  Laplace's  supposed 
istantaneous  transmission  of  gravitating  action  might  be  represented  by 
?llknown  physical  formulae.    In  other  words,  if  we  could  conceive  of  a 
terial  medium  endowed  with  qualities  which  are  not  material,  some  of 
difficulties  of  pure  materialism  would  be  removed.     AVhat  name  could 
:iven  to  such  a  medium,  but  spirit  ?    Spiritual,  conscious,  '* upholding" 
controlling  power  is  conceivabh^ ;  without  such  a  conception,  the  most 
>rtunt  of  all   phenomena  are   wholly   inexplicabl?.     Any   hyi)Othe- 
lat  an  unconscious  universe  could  ever  have  wound  itself  up  like  a 
:,  is  childiMi ;  the  belief  that,  after  having  wound  itself  up,  it  would 
•    itself  to    nm    down    without  winding  itself  up  agitin  is    more 
sh  still.     The  confession  that  we  can  see  no  escape  from  final  itag- 
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nation  imposes  no  restraint  on  the  universe ;  it  is  only  a  confession  of  our 
own  sliortsightedncss.  He  wlio  sees  tlie  necessity  of  a  Wise,  Everlasting 
and  Almiglity  Omnipresence,  also  sees  that  the  present  order  of  things 
must  continue  as  long  as  its  Ruler  wills.  He  who  sees  that  the  Omnipres- 
ent Power  acts  *'in  ways  which  may  be  represented  by  harmonic  or  cycli- 
cal undulations  in  an  elastic  medium,"  also  sees  that  more  is  implied  in 
the  equality  of  elastic  action  and  reaction  than  has  yet  been  fathomed  by 
the  sounding  line  of  the  most  skillful  analysis. 

215.     Tideti, 

The  danger  of  hasty  generalizations  from  investigations  which  are  neces- 
sarily of  a  partial  character,  is  well  illustrated  by  the  various  speculations 
which  have  been  set  forth  about  tidal  action.  The  equilibrium -hypothesis  and 
each  of  the  dynamic  hypotheses  have  severally  considered  important  rela- 
tions and  interactions  between  the  disturbed  and  disturbing  bodies,  but  the 
incompleteness  of  them  all  is  shown  by  our  inability  yet  to  explain  some 
of  the  phenomena  which  are  of  daily  occurrence,  as  well  as  by  our  com- 
plete ignorance  as  to  the  normal  position  of  the  tidal  crests.  Bemouilli,  and 
Laplace  for  certain  mean  depths  of  ocean,  assumed  that  it  should  be  high 
water  under  the  moon  ;  Laplace  for  other  depths,  Delaunay  and  Airy 
have  given  Siitisfactory  evidences  of  tendencies  to  high  tide  when  the  moon 
is  in  the  horizon  ;  sailors  have  a  prevalent  belief  that  the  high  w^ater.  in 
mid-ocean,  lags  about  three  hours  behind  the  moon;  many  mathematicians 
think  that  either  friction  or  inertia  may  produce  such  lagging,  but  it  bw 
never    boeu    shown    that    there    is    any   tidal    friction,    or    that  inertia 
(am    delay   any    normal    tidal    action.     Some   of   the   most   sati>facturT 
results    have    been    reached    throuixh    considenitions    of    the    elasticity 
which  is  involved  in  wave-propapition,  but  the  inter-molecular  elasticity, 
the  extent  to  which  the  several  particles  of  water  are  free  to  fall  towards 
or  recede  from  the   attractinjr   boily,  and  the  variations  of  weight  conse- 
quent on  variations  of  gravitating   tendency,  have  not  been   sufficiently 
studied. 

21(J.      Ihironntric  Analogy. 

Fortunately,  upon  at  least  one  of  the  foregoing  points,  we  can  ask  natuf 
a  simple  (juestion.  to  wliich  she  j^ives  a  satisfactory  answer.  Is  therv  ar* 
eviilencc  of  tidal  disturbance  of  weight  V  Yes,  in  the  daily  fluctuations  •> 
the  barometer.  Thev  are  ccrlainlv  tidal,  even  if  we  fail  to  see  in  thenia 
likeness  to  th("  ocean  tides.  The  air,  which  is  heated  and  expanded  by  t 
sun's  ravs.  is  carried  forward  bv  the  earth,  in  its  orbital  revolution  a 
daily  rotation,  with  a  continual  tendency  of  each  particle  to  maintain  ■ 
instantaneous  direction  of  its  motion.  This  tendency  is  represented, 
by  the  simple  momentum  of  the  particles,  but  by  their  rw  rm/,  and  is  ^* 
companied  by  gravitalin<r  tend("ncies,  which  arc;  sometMues  antagi^ni*:?^ 
and  sometimes  co-operative,  towards  the  earth  and  towartls  the  s*^-* 
Tl^eir  own  elasticity  concurs  with   the  elasticity  of  any  intervening  ^*^ 


k  tfl  adlOBtlng  their  reUtireporitlona  toth'eerer-vftrring  requirements 
[  equilibrium.  am\  eauMog  linrmnnic  osrilliLlinna  whicli  nre  chsM;  trace- 
9I«  b;  meiinfl  of  isjsleuifftic  buromelric  observation  a,  Tliere  cnn  be  no 
ctioQ,  provided  tlie  adjustmenls  are  made  by  the  Himplc  approach  or 
pS^Aniloa  of  [iftrticles,  and  such  appears  to  be  tlie  case.  In  tlie  moHt 
n^>wugh  series  iif  obncrvations  that  has  been  publiabed  for  atiy  siation 
r  tlie  etjUBtor,  tlie  liarraonic  oscillalione  are  of  the  timplmt  character 
>»c«ivab1e.  representing  the  quarter-dally  euma  of  the  InstaalaneouB  ten- 
*"  xciesand  the  changes  iu  atmospheric  weight  so  accurately  as  to  giveaa 
^^f  male  of  Sun's  distance,  which  differs  by  less  than  one-half  of  one  per 
»  1.  from  the  lale«t  nalronomical  estitnalea  {iVoe.  Atn.  Ph.  8oc.,  w,  SS7; 
fTS-K./itot  nute.) 

317.  Ratio  of  Tidal  AdjuitmenU. 

FiSir  William  Tliomson  has  found  a  partial  solution  of  the  theoretical  re- 
XntneotB  of  terrestrial  rigidity,  in  his  Ihcory  of  vortex  atoms.  Perhaps 
I  solntlon  may  be  corapleled  by  supposing  an  intermolecular  elasticity 
l&i«b  is  greater  than  that  of  glass,  instead  of  a  rigidity  which  is  greater 
a  that  nf  glaw.  The  induence  of  atmospheric  pressure  on  the  height  of 
I  (Mm,  which  has  been  noticed  by  many  obserrers.  suggests  the  . 
sUhfwd  thfti  tile  wlinte  mass  of  the  earth  may  contribute  to  the  adjtut- 
MKau  of  equilibrium  which  satisfy  tidal  tendencies.  If  that  is  the  case, 
«niire  changR  wliitli  would  be  required  in  tb«  distance  between  any 
jVn  nolecuUr  contres  is  less  than  rmhiv  of  >'^^'''  txean  distance,  even  at 
*  spring  lilies,  when  the  sun  and  moon  combine  their  disturbing  ener- 
Tbc  whole  adjustment  might  be  accomplblied,  through  sthereal 
tticllf,  in  leas  than  jV  of  o  second,  but  it  only  needs  to  be  accomplished 
Ur  time*  in  about  33  liours. 

818.  Sunwuitwn  oj  Ttndeneif*. 

"^n  triumphs  of  calculus  spring  fVom  the  Jacl  that  its  dilferentlals  repro- 
"^Di  only  teudeoclca  and  its  integrals  nre  summations  of  tendencies.  No 
"t'sgrailon  or  seriM  of  integrations  can  be  rightly  looked  upon  as  con- 
'^•UslTe,  unless  it  has  bet^n  extended  to  all  the  tendencies  which  can  have 
**>]'  bmring  upon  the  problem  which  we  nre  examining.  Nothing  is  more 
l?*'^i«  than  insthenuitics,  escept  nur  knowledge  of  our  own  spiritual 
nee  and  fuciiltiei.  Neither  in  mathematics  nor  In  psychology,  how- 
H*.  It  it  safe  Vi  assign  any  value  to  our  results  beyond  their  necessary  re- 
<nt  to  the  data  from  which  they  were  obtained.  Delaunay's  hypothe- 
■  Of  udal  fl-iction  undoubtedly  follows  from  his  postulates,  and  If  we  nr- 
'**-  it.  we  nuty  be  satisfied  with  the  explanation  which  It  gives  of  appar- 
*'^  lunar  retardation,  but  his  postulates  are  not  all  axiomatic;  they  do 
^*  Cover  the  whole  ground  ;  and  the  errors  in  the  lunar  tables  may  spring 
c  portion  of  a  cycle  of  mulually  compensatiiig  perturbations. 
■*•  lUal  l«Ddenci«s  are  towards  accelemted  rotation  in  two  of  the  quad- 


Thane.]  -^2  [April  a. 

rants  and  towards  retarded  rotation  in  the  other  two»  the  sum  of  th«  a^ 
celerating  being  exactly  equal  to  the  sum  of  the  retarding  tendencies.  No 
evidence  has  ever  been  adduced  of  any  actual  lagging  of  the  water  lo 
maintain  the  normal  position  of  the  tidal  crests  relatively  to  the  moon. 
There  arc  many  reasons  for  believing  that  the  apparent  westward  motion, 
with  a  mean  equatorial  velocity  of  1000  miles  an  hour,  is  only  a  motion  of 
form,  maintained  by  the  combined  influences  of  intermolecular  elasticity, 
atomic  elasticity  or  quasi-elasticity,  variations  of  pressure  on  account  of 
varying  attraction,  and  such  wave  propagation  as  may  be  needed  for  the 
adjustment  of  opposite  meridional  and  horizontal,  static  and  dynamic  ten- 
dencies. The  adjustment  maybe  brought  about,  as  I  have  shown  in  Note 
317,  without  any  frictional  diminution  of  the  speed  of  rotation. 

219.   The  Moon  and  the  Chief  PUiiietary  Belt, 

The  importance  of  Earth's  position,  at  the  centre  of  the  belt  of  greatest 
condensation,  is  further  shown  by  the  harmonic  reactions  between  the 
Jupiter-Saturnian  belt  and  Earth,  with  its  satellite.  The  shortening  of 
rotation-period  which  would  represent  a  nebular  contraction  of  Sun  fVom 
Jupiter's  to  Earth's  mean  locus,  corresponds  to  the  shortening  which 
would  represent  a  contraction  from  Moon's  semi-axis  major  to  Lapiace'v 
terrestrial  limit ;  the  ratio  between  Moon's  synodic  and  sidereal  x)criods 
corresponds  to  the  ratio  between  the  locus  of  Saturn's  incipient  subsidence 
(secular  aphelion)  and  axis-major.  Tlie  time  of  rdtation,  in  an  expanding 
or  contracting  nebuia,  varies  inversely  as  the  square  of  radius  : 

Sidifreal  month   :-  day  —  27.32100. 
Synodic   :-  sidereal  month  =-  1.08087. 
Saturn's  sec.  aph.  ~  mean*  :=  1.08433. 

220.   JStfibilitt/  of  Hotation-PcriodH. 

The  relations  of  stellar  rotation  to  oscillations  which  are  propagated 
with  the  velocity  of  liirht,  the  relations  of  primary  planetary  rotation  to 
planetary  revolution,  the  relations  of  molecular  rotation  to  electric,  in»g- 
netic  and  tidal  phenonn*na.  the  constancy  of  tendencies  to  harmonic  oscil- 
lation,   the   continnation   of  nebular  theories  which   is   aftorded  hv  ttj*^ 
foregoin;^  note,  and  the  principle  thai   no  change   in    the  n'lr  r/c«»  of    ^"^ 
system   can  tak(!  place   without   fontign   action,    all  indicate  a  stahili*  5* 
of  rotation  which   is  inconsist«'nt  with  tiie   hypothesis  of  tidal   frictio*""- 
Moreover,  the  closeness  of  accordance  between  the  mean  daily  thenr^s*-* 
and  hvjrrnnieiric  ailiustments  of  elasticity  and  the  tidal  variations  of  a*^'' 
rnospheric  ]>re'^.sun*  iPm,:.  Am.  Ph.  Sor.,  ix,  .:."<.}-(!,  J:U-,1,  .v^o*-,S'),  an  s***' 
<'ordance  which  is  also  shown  in  the  lunar-nKnithlv  barometric  tides  (f^-' 
.!!f.;-:i ;  Proc.  Roy.  Sor.  j/V/,  .iJU-.:.'.),  furnislu^s  additional  grounds  for  l-»^* 
lievin^r  that  rotation  is  only  moditied  revolution,  that  its  period  is  detf^' 

•  Arcoiilln:;  lo  >topk wril. 
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ned  by  a  sammation  of  all  the  tendencies  to  reyolutlon  which  bear  upon 
:h  and  all  the  molecules  of  the  rotating  body,  and  that  tidal  variations 
weight  or  pressure  are  as  important  in  earth-  and  ocean-tides  as  in  at- 
Mpheric  tides. 

221.  "  There  u  much  Virtue  in  ^." 

^me  extracts  from  a  lecture  by  Dr.  Ball,  the  Astronomer  Royal  of 
land,  have  lately  been  largely  copied  by  the  newspapers.  They  con- 
n  a  statement  that  the  moon  was  once  only  40,000  miles  away,  and  that 
bus  acted  as  a  geological  engine  of  transcendent  power.  The  state- 
in  t  is  somewliat  qualified  by  the  proviso  that  if  the  present  tides  are 
ee  feet,  and  if  the  early  tides  were  216  times  their  present  amount,  then 
s  piain  that  the  ancient  tides  must  have  been  648  feet.  This  qualiflca- 
n  is  not  sufficient,  and  it  is  misleading,  because  it  will  be  generally  un- 
Dtood  as  covering  all  the  points  about  which  there  is  any  uncertainty, 
ence  in  its  claims  of  exactness,  cannot  afford  to  hazard  any  claims 
lich  can  be  easily  refuted.  It  is  true  that  there  are  many  astronomers 
lO  believe  that  Delaunay's  views  are  correct,  but  there  are  probably  few 
iO  think  that  they  have  been  conclusively  demonstrated.  If  the  moon 
lis  the  ocean-waters  around  the  earth,  in  a  direction  opposite  to  its  daily 
ation,  at  the  rate  of  a  thousand  miles  an  hour,  or  at  any  less  rate  ;  if 
'  friction,  which  would  result  from  such  a  pull,  is  not  compensated  in 
ne  way  which  is  not  yet  fully  known  ;  if  there  is  a  bulge  of  tidal  water 
iich  cannot  fully  keep  up  with  the  moon,  and  which,  by  its  attraction 
the  moon,  tends  to  retard  its  orbital  velocity;  if  all  the  mathematical 
iclusions  which  it  seems  reasonable  to  draw  from  such  supposed  retard- 
on  are  correct,  and  if  the  "reproach  "  of  thermodynamics  must  be  ac- 
pted  without  qualification,  the  moon  may  be  receding  from  the  earth. 

222.   Weakness  of  the  Postulates, 

In  examining  the  provisos  of  the  foregoing  note,  we  find  : — In  the  first 
^ce,  no  tidal  currents  have  ever  been  observed  which  indicate  a  lagging 
idency  in  ocean  waters.  Secondly,  there  is  no  evidence  whatever  to 
'V  that  the  earth's  rotation  has  been  retarded  by  friction.  Thirdly, 
re  is  no  evidence  to  show  that  the  moon's  orbital  motion  has  been  re- 
*ed  by  the  ocean  tides.  Fourthly,  the  number  of  elements  which  must 
sr  into  any  calculation  of  planetary  disturbances  is  so  great  that  no 
^lont  mathematician  ever  looks  for  more  than  an  approximation  to 
^  results  as  he  desires.  Fifthly,  the  difficulties  which  are  encountered 
■'ying  to  explain  irregularities  of  orbital  motion,  are  vastly  enhanced 
^u  we  come  to  deal  with  t!ie  complicated  tendencies  of  planetary  rota- 
^-  Sixthly,  there  is  as  much  reason  to  believe  that  the  moon  may  be 
^^Ually  falling  to  the  earth,  as  there  is  to  believe  that  the  earth  may  be 
^^^ually  falling  to  the  sun.  Seventhly,  the  accelerating  and  retarding 
^^encics  ot  aethereal  elasticity  and  resistance  are  but  little  understood. 
Klithly,  all  of  the  possil)le  compensatory  adjustments,  to  which  I  haye 
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hear,  and  Anderesohn*  has  experimentally  shown  that  they  can  ade- 
aAtely  represent  all  varieties  of  gravitating  and  electromagnetic  phe- 
Kiiena. 

225.  A  Scientific  Statement  of  the  Tidal  Probkms. 

he  "Astronomy  for  Schools  and  Colleges,"  by  Newcomb  and  ITolden 
EI<i.  of  1879,  p.  107),  speaks  with  true  scientific  caution,  as  follows: — 
he  theory  of  the  tides  offers  very  complicated  problems,  which  have 
«d  the  powers  of  mathematicians  for  several  g<inerations.     These  prob- 
9  arc  in  their  elements  less  simple  than  those  presented  by  the  motions 
•-^"C*     "Che  planets,  owing  to  the  number  of  disturbing  circumstances  which 
t  ^r  into  them.     The  various  depths  of  the  ocean  at  different  points,  the 
:3-tion  of  the  water,  its  momentum  when  it  is  once  in  motion,  the  effect 
C  lie  coast-lines,  have  all  to  be  taken  into  account.    These  (quantities  are 
tfair  fVom  being  exactly  known  that  the  thtjory  of  the  tides  can  be  ex- 
l>r^«wed  only  by  some  general  principles  which  do  not  suffice  to  enable  us 
t  o    p^rcdict  them  for  any  given  place. '  * 

226.  Cotnetary  Speclm. 

ic  uncertainties  of  measurement  and  the  harmonic  indications  which 

^ven  in  spite  of  those  uncertainties  may  be  illustrated  by  comparing 

•^^s^c^rvations  of  like  objects  by  different  reporters.    Tacchini  gives  {Ann. 

^^^    C'him.  ft  de  Phyn.,  xxt,  S86)  measurements  of  the  spectral  lines  in  comet 

^-     "1  ^81,  which  correspond  satisfactorily  with  lines  in  IIesselber*s  carbon 

trum.    The  harmonic  accordance  is  equally  satisfactory. 

llarnionic.  Tacchini. 

37527. 7  -^  68  =  55 1 . 9  552. 1 

37527.7  -4-  73  =  514.1  514. 1 

87527.7  -T-  81  =  4«3.3  463.1 

T^liollon  {lb.,  287-8)  compares  the  same  spectrum  with  three  different 
tra  of  carlwn  compounds,  viz  :  A,  electric  arc,  Jamin's  lump  measure- 
ts  made  by  M.  Bigourdan  ;  B,  cyanogen,  coil  and  condenser,  Salet ; 
^lue  flame  of  illuminating  gas,  Lecoq  de  Boisbaudran. 

Harmonic.  Tliollon.              A.  IJ.  C. 

31479-4-56  =  502.1            562  562.2  563.0  562.9 

31479  H-  61  =  516.0            516  516.5  516.3  516. 1 

31479 -*- 67  =  469.9            470  470.4  470.0  470.6t 

le  harmonic  divisors  for  Tacchini 's  measurements  are  sums  of  succes- 


or   nearly  successive  phyllotactic  numbers  :  81  ==  5  -f  8  -f  13  -|-  21 


,  ;  73=81—8;  08=73  — 5=13  4-21  -f  34.     In  the  harmonic  divisors 
*^*'    ThoUon's  measurements,  56  =  7  : :  8  =^  product  of  tlie  artiad  and 


>!isad  divisors,  and  the  middle  line  is  an  arithmetical  mean  between  the 

-^^cr Meehanik der  Oravitation, Breslau,  1874 ;  J.  B. (fc*  Prcx.  Phj/s,  Vtr.,  1881-2. 
y,^      ^^oiNbaudran  «loes  not  give  this  lino,  but  he  gives  473.8  and  4(57.5,  the  arith- 
^^«^1  mean  being  470^. 

PBOC.  AMER.  PHTliOS.  BOC.  XX.  111.  2t.     prixted  .ifke  3,  1882. 
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227.  Identity  of  Spectral  Lines  in  Different  Elementt.  ■ 

Young  (Am,  Jour.  Sri.,  tx,  355)  and  Liveing  and  Dewar  (Proc.  B^. 
Soc.,  xxxii,  225-31)  have  shown  thai  many  of  the  lines  in  different  element- 
ary spectra,  which  have  been  snpiHJsed  to  be  identical,  really  differ  slight- 
ly in  rcfrangibility  and  can  be  se)>arated  by  a  sufficient  increase  of  dis- 
persive power  in  the  trains  of  prisms.  The  number  of  separations  which 
has  already  been  effected  makes  it  very  doubtful  whether  any  case  of  ah- 
solutc  coincidence  can  be  found,  where  two  elements  are  present  in  the 
spectral  inciindescence.  This  has  been  thought,  by  some,  fatal  to  Lock- 
yer's  and  Tlialen's  hypothesis  that  all  the  lines  arc  modifications  of  a  few 
basic  lines.  That  such  a  gencralizati<>u  is  too  hasty,  may  be  shown  by 
the  following  considerations :  1.  Atoms  arc  continually  subject  to  in- 
commensurable, as  well  as  to  commensurable  tendencies.  3.  There  aw 
often  various  harmonic  tendencies,  which  are  simultaneously  operative,  the 
final  harmonic  adjustment  being  determined  by  the  relative  magnitude 
of  the  individual  tendencies.  3.  The  well-known  experiment  of  oscillat- 
ing balls,  suspended  from  a  horizontal  cord,  shows  that  the  cyclical  vibra- 
tions are  modified  by  each  member  of  a  harmonic  group.  4.  The  slight 
fluctuations  in  the  lines  of  the  solar  spectrum  make  it  probable  that  there 
are  similar  fluctuations  in  chemical  and  cometary  spectra.  5.  This  proba* 
bilitv  is  increased  bv  the  differences  of  measurement  which  are  made  bv 
different  observers  at  different  times.  6.  Pro{)ositions  2  and  5  are  both 
illustnitcd  by  th.e  two  hnrmonies  which  represent  Tacchini*8  and  Tliollon's 
measurements  (Note  22C). 

228.   Litftium  ILirmoniiS. 

Liveinc  and   I>ew:ir  (Pmc.  Roy.  Sor.^  j'xx,  IKl-O)   have  obsen'cd  thr« 
lines  in  the  spectrum  of  lilbium  (^Or.i,  JM4  and  4273),  besides  Boisbau 
dran's  line.  4K^1.7.     The  harmonics  are  shown  below. 
Hannonlo  l)iviMOi*s  Harmonic  QuotitMits  Olworvert. 

1  427:102  4273 

t  -■'-    la  4i:^2.7S  4131.7 

1  -h  l.-)  a  «i»H:j.87  3984 

14-10  f/  3yi2.«r)  3913 

The  cocfliricnt  of  the  first  addition  to  the  harmonic  divisor  is  the  san3« 
as  llu;  ]>crissjul  divisor  and  as  Prout's  coeflicient  of  Li,     The  second  aO<^ 
third  additions  are  respectively  the  artiad  divisor  and  k  the  artiad  divis^^^- 
The  harmonv  is  nearly  as  saiisfactorv,  if  we  combine  these  lines  with  tho**^ 
which  are  giv(?ii  by  Muggins  (ntc  Proc.  Am.  Ph.  Soc,  xcii,  f.97). 
Huniioiiic  l)Ivl»r>r.s,  lluriiionio  Quotients  ObJst»rvc<l. 

1  r)l07.:]7  6107.3 

1    -  40  a  471M{.()4  4794.8 

1  -f  4M  a  4r,;»<».2:3  4.")99.3 

l-r'>-^'i  •  42«U.74  4273. 

l-f7'*'i  4i:n.49  4131.7 

l--78rt  3084.31  •  3984. 

1  -I-  <^2  ^  3914,50  391  ft. 
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The  coefficients  of  a  are,  5  X  8,  6  x  8,  9  x  7.  10  x  7,  10  X  7  +  8, 10  X 
7  4*  i  of  8,  being  made  up  of  multiples  or  sums  of  the  pliyllotactic  num- 
bers, 2,  8,  5  and  8,  and  the  secondary  phyllotactic  number,  7. 

229.  Relations  of  Central  Force  to  Thermal  Constants. 

I  have  shown  (Proe.  A.  P.  S.,  xit,  651)  that  the  ratio  of  heat  under  con- 
stant volume  to  heat  imder  constant  pressure,  as  deduced  from  purely 
theoretical  considerations,  is  r'  -f  4  :  2^',  or  1  : 1.4232.     The  elements  for 
computing  this  ratio  are :    1,  the  synchronism  of  oscillations,  under  the 
action  of  central  forces,  in  all  orbits  which  have  tiie  same  major  axis  ;  2,  the 
kinetic  theory  of  gases,  which  supposes  that  all  the  paths  of  clashing  particles 
are  rectilinear,  and  therefore  in  orbits  of  unitary  eccentricity,  one  extremity 
of  each  path  corresponding  with  the  centre  of  a  synchronous  circle  ;  8, 
the  consequent  ratio  of  mean  rectilinear  vis  Wra,  or  mean  vis  viva  of  con- 
stant gaseous  pressure,  to  synchronous  mean  circular  m  viva,  or  mean 
vis  tita  of  constant  volume ;  4,  the  thermodynamic  doctrine  that  equal 
quantities  of  heat  correspond  to  equal  increments  of  vi^  vita  and  to  equal 
increments  of  temperature ;    5,  the  proportionality  of  mean  vis  vita  to 
mean  distance  of  projection  against  uniform  resistance  ;  0,  the  determina- 
tion of  the  radial  locus  at  which  the  mean  velocity  of  linear  oscillation, 
or  of  mean  gaseous  pressure,  would  be  acquired  both  in  centrifugal  and  in 
centripetal  motion.     This  theoretical  determination  of  the  ratio  of  specific 
heats  proceeds  on  the  hyjwthesis  of  Boscovich,  that  ceutral  forces  continue 
to  act,  at  all  distances  fmm  the  centre,  with  accelerations  which  vary  in- 
versely as  the  square  of  the  distance.     There  are  many  reasons  for  be- 
lieving that  this  law  does  not  hold,  even  in  the  iethereal  condition;  whhin 
the  radius  of  inertial  aggregation,  and  it  seems  likely  that  careful  experi- 
ments may  bring  to  light  many  kinds  of  deviation  from  the  theoretical 
value,  the  study  of  which  will  greatly  extend  our  knowledge  of  atomic 
and  molecular  structure.     The  most  accurate  experimental  determinations 
of  the  ratio  that   have  been  published  hitherto  seem  to  range  between 
1  : 1.4053  and  1  : 1.421.     These  values  indicate  an  orbital  eccentricity  of 
from  .9874  to  .99^5. 

230.  Tests  of  Thermal  Relations  by  Solar  Mass  and  Distance. 

*^e  estimates  which  I  have  hitherto  made  of  the  central  energies  of  the 

^''sj^stem,  from  measun\ble  tendencies  to  equilibrium  between  gravi- 

./^^  and  explosive  or  centripetal  and  centrifugal  energies  (Prof.  A  P.  8., 

,.  '    '^-^ — 4»  xix,  354,  et  al.),  have  been  based  upf)n  the  supi>osilion  that  all 

>.    ^'^^*">naetric  measurements  were  made  under  constant  pressure.     C.  v. 

J.       ^^'^^'f9tr.  in  Jour.  Chem.  Soc,  March,  18S^,  p.  -265.)  gives  five  estimates 

€  Ao&t  of  combustion  of  H,0,  from  which  estimates  of  solar  mass  and 

^^^*'    rn.av  be  deduced  bv  the  method  of  Note  10. 


ChaM.I  278  [April  II, 

Observera.                          0                p  ^ 

At  constant  ^  Andrews,  33,880  02,700,000  881,500 

volume      (  V.  Than,  33,822  92,839,400  332,850 

At  constant  (  ^'  Tliomsen,  34.218  93,071,400  334.850 

ressure    ^  Favre  and  Silberniann,  34,426  92,789,800  331,820 

^^  '^'           t  Schullcr  and  Wartha,  34,471  92,729,300  331.170 

The  observations  were  made  respectively  in  1848,  1881.  1873.  1858  ind 
1877.  The  corresponding  molecular  heats,  as  given  by  Naumann  (lee 
Note  16)  for  three  of  the  above  observers,  differ  sliehtly  from  2  X  tJ»* 
above  values  of  0,  the  greatest  difference  being  J  of  one  per  cent.  The 
mean  values,  if  we  allow  equal  weight  to  the  present  note  and  toXotelfl, 
after  making  the  proper  correction  in  the  observations  at  constant  volume, 
are  ^  =  92,739.500  ;  m  ==  331,280.  This  value  of  p  differs  by  less  than 
jjj  of  one  percent,  fnmi  the  mean  of  the  combined  results  in  Note  15 
(92,737,100).  , 

231.  Molecular  Volume  of  Solids. 

E.Wilson  {Proc.  Roy.  Soc,  xr^ii  457-91)  discusses  the  relations  of 
molecular  volume  to  chemical  constitution,  furnishing  new  evidence  of 
harmonic  oscillation.  He  states  the  three  following  propositions,  and 
thinks  that  his  tables  lend  comparatively  greater  support  to  the  third, 
while  the  first  and  second  must,  for  the  present,  be  considered  mor« 
hypotheticnl : 

(i.)  When  any  number  of  «i/w/7^r  atoms  combine,   the  volume  of  tU*"- 
resulting  molecule  is  Cipial  to  that  of  the  uncombined  atom. 

(ii.)  When  di>siinilj\r  atoms  combine,  the  y^^lumc  assignable  to  eact» 
atom  is  some  simple  suluiiultiph?  or  ali(iuot  ]>art  of  its  atomic  volume,  aa  •-^ 
the  resultant  mob'rular  volumr*  is  th(.'  sum  of  those  volumes. 

(iii.)  Every  eUMurnt  in  its  various  compounds  is  capable  of  assumir*.  ^^ 
diff(?r(Mit  voluiucs  bearing  a  simple  proportion  to  one  another,  such  ^"^^ 
1:2,    1  :  3.  2  .  \\,  &v. 

lie  als<»  adduces  evidence  in  support  of  Kopp's  conjecture  that  elemeri-  *-  - 
mav  uuderL'o  (lifb-rent  desinjes  of  condensation  in  different  radicles  of  t  X^  * 
same  compountl,  aixl  he  shows  the  airreement  of  his  results  with  thr-»"r='*' 
whi<*h  \v(M'e  <»l)taine(l  bv  T,oschmi(lr  from  jjaseous  interdiffusion. 

2'V2.    Vnrinhilttfj  nf  Cry^talUne  AngUn. 

Y.  PfalT  iJini)\  Chr,i\.  .sV..  Jiint\  ISSI,  Ah^fr.  p.  .i.T/;)  has  made  a  scT-i^* 
of  nieasurenienis,  from  which  he  concludes  that  the  limits  of  admissil*^*^ 
correction  of  measured  anirles  by  calculation  from  rational  axial  serti*"*^^ 
must  be  carri«'«l  further  than  has  hitherto  been  the  case.     AV.  11.  PerVti^ 
ilh.  Ann.,  /SSI,  'fit't-  ',''•'),  in  (liscus>ing  the  isomeric  acids  obtained  Tr*'*^ 
<"Oiimarin  and  the  etluTs  of  hvdrid*;.  of  salicvl.  gives  seven  sets  of  cn'?='^-*'' 
line  measuremenis.  with  forty-nine  comparisons  of  calculated  and  obspT"^*^ 
ani:le<.     Taking  tin*  ran  ire  between  the  liuiils  of  observation,  whicla     ^^ 
iriven  in  twenty -six  of  the  comparisons,  or  the  deviations  of  the  obst?*"^*^ 
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the  calculated  values,  in  the  other  twenty-three  comparisons,  the 
2^  i"laibiliiy  is  more  than  one  per  cent,  in  one-third  of  the  whole  number  of 
i«--i«.8urcment8,  viz:  .155,  .121,  .007,  .050,  .055,  .054,  .040,  .044,  .021»  .019, 
O  X  S.  .010.  .010,  .015,  .012.  .011.     The  mean  variabiliiy  of  the  forty-nine 
E&surements  is  .017.     These  facts  may  have  an  important  bearing  upon 
tay  questions  of  radiodynamic  probability,  especially  in  regard  to  the 
i:istment  of  commensurable  and  incommensurable  tendencies. 


23J3.  Preitsure. 

experiments  of  Tresca  and  Spring,  .together  with  those  of  Crookes, 
tet  and  Cailletet,  show  that  it  is  impossible  to  f\x  any  boundaries  be- 
t.'W'ecn  any  two  of  tlie  adjacent  states  of  matter,  oithereal,  gaseous,  liquid, 
soltcl,  crystalline.     J.  and  P.  Curie  {Cornptes  rcndus,  Ixxxxi,  Ixxxxii)  con- 
firiai  Faraday's  hypothesis  that  magnetized  and  dielectric  bodies  should 
tend  to  contract  in  the  direction  of  the  lines  of  force  and  to  dilate  at  right 
•  &n^1es  to  those  lines,  a  tendency  which,  as  I  have  shown,*  is  propagated 
'^'itli  the  velocity  of  light.     They  suppose  that  between  the  opposed  faces 
of  f^wo  contiguous  layers  of  molecules  there  is  a  constant  difference  of  ten- 
sion, involving  a  condensation  of  electricity  which  depends  on  the  dis- 
taoce  between  the  two  layere.     By  experiments  with  tourmaline  and 
liemilietlral  crystals  with  inclined  faces  they  are  led  to  attach  primary  im- 
portance to  the  form  of  the  molecules,  the  extremity  which  corresponds 
"w-itli  the  most  acute  solid  angles  being  always  negative  on  dilatation  and 
positive  on  contraction.     They  deduce  the  following  laws  : 

1-  The  two  extremities  of  a  tourmaline  crystal  develop  quantities  of 
electricity  under  pressure  which  are  e(iual,  but  of  opposite  kind. 

2.  The  quantity  developed  by  a  given  increase  of  pressure  is  equal  to 
that  which  is  developed  by  an  equal  diminution  of  i)ressure,  but  of  oppo- 
»*«e  kind. 

^-  This  quantity  is  proportional  to  the  variation  of  pressure,  is  inde- 
I*^Qdcnt  of  the  length  of  the  crystal,  and  for  the  same  variation  of  pressure 
^^^  Unit  of  surface  is  projwrtional  to  the  surface. 

-*Vll  of  these  results  have  an  important  bearing  upon  the  old  maxim  that 

'nothing  can  act  except  where  it  is,"  and  on  Newton's  consecpient  belief 

*^l  the  phenomena  of  gnivitation  can  be  more  satisfactorilv  explained  b3- 

"'Oreal  pressure  than  by  attracting  pulls.     They  may  also  help  to  ex- 

f*  ^itx  the  formation  and  sublimation  of  heavy  metallic  elements,  by  the 

'^in^jnsc  pressures  to  which  the  interior  of  condensing  nebuhe  are  sub- 

.  ^*t*d.     Many  of  the  aggregating  and  dissociative  tendencies  of  "sub- 

^^Oce,"  of  which  my  planetary  harmonies  have  given  abundant  evi- 

^^«,  may  be  exemplified  chemically  as  well  as  cosmically. 


234.   Test  of  Jhtrmonic  Probability. 


liave  endeavored,  in  my  various  physical   pap(*rs,  to  colh'ct  ffivtif. 


Vigh  the  guidance  of  well-known  laws,  and  to  account  for  ihem  by  a 
eltatlons  In  Note  900. 
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reference  to  those  laws,  without  introducing  any  new  hypotheses.  I  hive 
already  compared  various  phyllotactic  harmonies  witli  other  chemicil 
hypotheses,  and  Note  232  furnislies  data  for  extending  the  tests  of  mathe- 
matioAl  probability.  In  my  first  paper  on  the  harmonic  interferences  in 
the  spectra  of  chemical  elements  {Proc.  A.  P.  S.,  xvii,  S97-301)  I  examined 
the  measured  wave-lengths  of  12^  lines,  in  twenty-one  difTercnt  spcctn. 
The  greatest  mean  deviation  of  the  measured  lines  in  either  si)ectniin  from 
lines  whicli  are  rigidly  harmonic,  is  less  than  J  of  one  per  cent.,  the  mean 
deviation  in  the  whole  number  of  lines  being  less  than  ^j  of  one  per  wnt. 
The  mean  deviations  in  the  several  spectra  are  as  follows  :    ^^,  ^V*  f  A* 

^'  tV'  tV»  t\z*  iV»  '^i't*  tJj»  i'  i-  ?r7»  tsV*  t»  tV*  "is*  'liz*  ^»  t'j  ^^  *****  P^' 
cent.    The  greatest  deviation  in  any  single  line  is  one  per  cent.,  and  there 

is  only  one  line  which  has  a  deviation  of  more  than  ^  of  one  per  cent., 
which  is  only  jV  as  great  as  the  greatest  deviation  in  Pcrkin*s  set  of  crys- 
talline measurements,  or  less  than  J  as  great  as  his  mean  variability. 
Later  comparisons,  of  which  Notes  220  and  228  may  be  taken  as  examples, 
show  approximations  which  are  still  closer.  The  greatest  deviation  in 
Tacchini's  cometarv  measurements  is  ,V  of  .01,  and  the  mean  deviation 
T5'r  of  .01  ;  the  greatest  deviation  in  ThoUon's  measurements  is  ^^j^.  and 
the  mean  deviation  ^J^o  ;  ^^^^  greatest  deviati(m  in  the  first  lithium  spec- 
trum of  Note  228  is  31^9*  ^"^^  ^^^^  mean  deviation  j^fj  ;  the  greatest  de- 
viation in  the  second  s])ectrum  of  tlie  same  not«  is  j^^s*  ^^^  ^^*  ii*^° 
1 

T  "J  1  «»• 


deviation     ^ 


2.%*).  Sjuctnun  of  the  Great  Xcbuln  in  Orion. 

On  the  7th   of  March.    1SS2,    Ilu^rjxins   (Am.  Jour.  Sei.,    [I]]  jj-/7i.  .>\?-> 
«>biiiin«Ml  a  pliotn«j:rapli  of  tin*  spcctruiu  of  the  nei)ula  in  Orion,  with  a  11 
<^\posll^M)f  4r>  ininutt's.     His  tornicr  researches  sliowed  that   the  visibl*-* 
^pi'ciniin  (»r  i^ast'ous  ncbiilu*  mniain**  tour  briiiht  lines,  5005,  4957,  an  ^1 
two  of  the  liydroiren   lines,  ^j  and  j'.     Tin*  photograph  has  also  a  stron.  >: 
line  in  tiie  ulini  violet,  at  tlie  i)osiiion  of  /  :n;U).  or  nearly  so.     Some  *-> 
the  hurinonie  relations  of  the  lines  are  given  in  the  following  table  : 

llarinonic.  ObserveJ. 
5*25405    :    105^500:?.  8(»  5(K)5 

525405  --  lOf)  :  --  45)50.05  4957 

525405    :-  lOS  -..  4S(;4. 8r)  4801 

525405    :    121  -.  4:M2.10  4340 

525405  -:    141  ---  :J72(5.2S  3730 

The  greatest  deviation  is  ,V  of  one  per  cent.,  and  the  mean  deviati"/' 
■}^  of  one  per  ctMit. 

2:iO.     Jf>/r/n((tr  Entimiiti'.  nf  ^i^thrrnil  DcnHi'ti/. 

\ewton'<  a'then-al  hypothois.  Faraday's  electric  hypothesis  and  m} 
own  numerical  nlaiioiis  (Set-  Note  -JOU)  an*  exemplified  in  the  following 
combined  harmonies  :    L«'t   i\,  repres«-nt    Karth's   nu'an   orbital   vehurilv 
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'^'Vilch  is  due  to  Sun's  attraction  ;   tjg,  corresponding  magnetic  component 

*^^  ^^iTcular  orbital  velocity  wliich  Earth  would  communicate  to  an  ethereal 

i<^le  ;   Oo*  specific  beat  of  water  ;    Oj^,  specific  beat  of  typicjU  gas  ;  d,, 

»ily  of  Sun  ;  cf,,  density  of  Earth  ;  d^,  mean  density  of  a?ther  in  Earth's 

•it  under  influence  of  Sun's  attraction  ;  i\,  density  of  Earth's  atmos- 

J^**^  ^  Je  at  mean  locus  of  magnetization.     Then 

ds  :  do  •  •  ^s  •  ^o  (2) 

16  given  values  are,  f^  =  18.476  m.  ;  0^  =  .23773  Oo\  ^o  =  25491  d^. 
5  required  values  are  Uj,  5,  and  d^.     From  (1)  we  find 

tj,  =  .23773  X  18.470  =  4.3924m. 

t  Earth's  equatorial  surface,  V gr  =  4.9073  =  1.1172  v^ ;  the  magnetic 
poncnt  of  this  velocity  in  Earth's  orbital  plane  is  r„  =  cos.  23^  28' 
^4.9073  =  4.501  =  1.0248  t;, ;  the  mean  locus  of  magnetization  is  there- 
V  1.0248«  X  20.923,a54  ft.  from  Earth's  centre  =  .05028  x  20,923,054 
==~  3.. 051, 985  ft.  from  Earth's  surface.  According  to  Babinet's  formula 
^  '^'^^'9^4lh$*n  TabUSt  D,  p.  08)  the  normal  density  of  the  air  diminishes  J  at 
lli^    altitude 

Z=  52494  ft.  X  QA  T-!'^  =  l^^^S  ^-  =  1,051,985  -^  00.12 

T*lie  atmospheric  density  at  the  locus  of  magnetization  is,  therefore  S^  = 

"^      -?-    2«>"  =  1-5-  1,252,920,900.000,000,000  ;    the  ethereal  density,   .)„  = 

'^^     :x    .25491  =  1  -f-  4,915,148,000,000,000,000.      The  density  of  hydrogen 

***    -  0«92,  or,  according  to  this  estimate,  340,128,200,000,000,000  ,\.     This  is 

—  -  ^*  *  percent.  gn?ater  than  the  estimate  which  was  based  on  the  ratio  of 
^""•^jcctile  gaseous  energy  to  iethereal  energy  (Note  35).  The  significance 
^*  I>roportion  (1)  is  increased  by  th(*  cosmical  relations  of  Joule's  equiva- 
*^«at  iPrac.  A.  P.  S.,  xix,  20).  The  agreement  would  be  exact  if  we  take 
f*M    ^=r  92,809,500  miles. 

237.     ** Subsidence''  Estimate  of  ^^thcreal  Demit y. 

^t^itisidence  towards  the  three  chief  centres  of  nebulosity,   (Jupiter), 
**  ^<l«nsation,  (Earth),  and  nucleation,  (Sun),  should  be  intlueneed  by 


J  '■^  '"^  's  semi- diameters  (214.45).  /»,  =  92,785,700  miles  ;  the  mean  i)r<>jeetile 

*^"^~^*s  of  the  chief  centre  of  gravity  in  the  system  (e.  g.  Sun  and  Jupiter 

211       *^^oan  perihelion)  =  1.018  r„  =  r^ ;  L^  (solar  modulus  of  liirht ;    Note 

**"^  -^     =i  474057  r^  =  465890  r^;   the  mean  locus  of  magnetization.  A,  —  r^  X 

^'-      ^'*-     L  =  199.1555  miles  =  1.051,541  ft.  =  00.00498  ;<  174<)8.  Tbis  gives. 

*"    ^l^e  ratio  of  hydrogen  density  {t\)  to  jethereal  density. 


\  =  884.a80,4a0,000,000.000  i, 
wtdch  uoMda  the  Mdnute  of  Kote  BS  by  1m«  Uun  |  of  ona  par  OMt 

BBS.    BobUim  BtUmaU  itf  JBAtnal  DtMHtg. 
Tbe  hjpotheds  that  hydrogen  ii  the  dmplett  known  brm  of  Mbmd 
cosdentation  and  that  all  other  chemical  elements  an  condanaed  hydnfi^ 
together  vlth  the  theory  that  Meltai  rotation  to  doe  to  nthenal  hamodB 
oecilUtkins  (Notes  17,  M,  198  it  of.),  raqniree  that  the  linear  oadUatloaior 
the  kinetic  gsaeoos  theory  should  be  made  drcnlar,  within  Uie  rtalkr 
nooleni.    Blnce  gaseooa  density  Tariea  iorenely  as  rolnma,  the  aths- 
hydrogen  hypothesis  Is  satisfied  by  the  proportion 
ic  W  :*■/::*,:«. 
dk  =  8SB,Bei,8O0.000,000,000  8, 
which  is  I  of  one  per  cent,  greater  than  the  estimate  of  the  Ibragobg 
note. 

ass.    jSa«r»iU  SkutMtg. 

The  velocity  of  light  (v^),  according  to  the  subsidence  aatlmsU,  ii 
•B.78S,700  -I-  497.627  =  180,881  miles.  The  velocity  of  MHmd  hi  hydnfM, 
accoiding  to  Balong,  la  4108  ft.  If  we  designate  the  ntfc>  of  elastkAyia 
density  (,»  ■+■  S},  for  hydrogen  and  stfaer  reape^raly,  by  t^  aod  i,  Iks 
proportionality  e  oc  /t  gires 

..  ;  (k  :  :  (186381  X  S380)< :  4168< : :  59,880,400.000  : 1 
R>r  the  relative  elastlcltlcB  under  the  same  density.    If  we  adopt  the  mts- 
WoQ  estimate  of  comparative  density,  we  have 

«.  :^  ;  :1  :  6.013,151 
for  the  relative  elasticities  at  normal  density. 

240.  .jEt/ureal  Deiuitg  at  Mean  Piarutary  Loci. 
The  fethereal  density  alimild  be  J  as  great  as  at  Sun's  sarface  at  |  L,= 
816, 438  r,  =  1448.343*^,.  Atanyotlier  locus,  f,^.  it  should  be  (^)-,ab«in| 
equivalent  to  ip^  -t-  1448.343  p,).  This  gives,  for  tl(e  relative  rolattos 
estimate  of  letiiereal  density  at  Sun's  surface  aad  at  the  several  plaattAfl 
mean  dislBncea  : 


Sub 

1.00000 

Mercury 

. 99981 

Venus 

.99065 

Earih 

.99952 

Mars 

.99927 

Jupiter 

.99751 

Saturn 

.09344 

Uranus 

.99088 

Neptune 

.08.(73 

■  AUowiDK 'or  rupturing  oenlre  ol  gravity  or  San  and  Japltar. 


•m.     Validitj/  of  EitimaUa. 

^11  pMlmarpB  of  lliU  chamcler  arc,  of  coufHi!,  only  provisional,  and  ihey 

■».  claim  no  vnlldUy.  8a  I  have  Uerutofore  shown,  beyond  the  uccumcy 

C  Yi  nhlrh  Ihey  r«pre«ent  Ilie  dnta  upon  which  l.her  are  based.     That  nil 

9    (tlhertwl  elemHDls  which  I  Imve  considered  ari'  important,  that  they 

^    more  far^rGAching  tliitn  those  which  have  been  introduced  into  ftny 

^dincuEsion  of  which  I  have  uny  knowledge,  that  their  influence  has 

9  n  lightly  atuled,  nnd  thnl  they  will  contribute,  by  collation  with  lliom- 

k.  'a  and  other  (HilImateB.  to  a  moru  satisRictory  solution  of  many  physical 

klilnms  tlian  la  yet  att«innble,  I  fully  and  unheslintingly  believe.    Son 'A 

r'ft»5taliui>tiun,  and  questions  connected  with  the  retardations  which  chftng*  4 

'^vciliilinn  into  simple  rotation,  arc  among  the  consideration  a  which  » 

c^1y  u>  mmlify  the  values  that  are  given  in  the  Ave  foregoing  notes  utd  ] 

;^*'ote35. 


JIToM  on  tht  Aararii  of  April  16-17.   ISSi.     Bg  H.  Cartili  Um*. 

(Read btfom/i«  Ainerk'iu  mioauphical  Sacictff,  Aprils!,  ISS^.y 

liB  Karon  of  Sunday  evpQiii);,  April  10-17, 1893,  was  probably  one  of  | 

'**■*'       moat  rcmnrkahle,  both  as  to  beauty  and  scienliftc  interest,  that  li 

"*^*'  «>  obaorved  In  Uiis  latitude.    It  is  especially  noteworthy  on  account  of 

^^^     brilliant  corona  which  continued  well  defined  for  several  hours,  and 

]^***»»e  apparent   motion  eastward,   through  apace,   could,   therefore,   be 

*^  *-^Tinine(I.     Several  othnr  unusual  features,  such  as  an  aurm-al  cirlain, 

****    ijpcrliolie  curve*  of  liglil,  were  alao  displayed.     The  iitiendant  aolar 

™**«i    magnetic  phenomena  luive  alao  been  of  great  importance  in  deiemiin- 

■*S  athcoryof  theanrom. 

^*tii<  auron  was  noticed  as  soon  aa  twilight  had  ended  as  a  faint  glow 
_  ^***«g  the  northern  horizon.  At  8.30  it  was  a  low  arch,  probably  not  over 
.  '^  *4«.>grM«  high.  It  gradually  roae  higher,  and  left  a  dark  segment  below 
.  At  10  P.  M.  the  arch  waa  some  20  degrees  higli,  and  was  constanlly 

._     ^-  '"«=iwing  in  brilliancy.     Bright  short  while  acicular  streamera  nowap-^ 
^7'^^**«~«!d  in  the  north,  and  soinctimea  rose  as  high  aa  40  degrees.    Thewn| 
>eionally  assumed  a  reddish  color,  and  were  frequently  watted  along     , 
».ich  towards  Ihewcat.  Theaurora  now  fluctuated- greatly  in  brilliancy. 
**5***'''"*''  "•'»''ly  disappearing,  and  then  flaahing  out  brighter  than  ever. 
^t  11.15  the  arch  had  become  brighter  and  much  longer,  tbough  still  of 
^^     *    ailtliudfr.     Brisht  acioular  streamers  were  crowded  closely  together  at 
f^*'    ^wesiprn  end  of  the  nrcii,  while  in  the  eaat  a  aecond  arch  was  now 
***~"*»«h!.    The  uiiroml  arch  now  began  to  riae  rapidly.    At  11.80  the  upper 
•"*^*>    wna  10  degrcFS  high.     Long  narrow  slrunniers  were  rapidly  forming 
^^f  tht  whole  noniiern  »ky,  and  were  tnivcraed  from  base  to  apes  with    , 
rnirf-   *MltH.  fiiiLos,  sor.  w.  111.  O.i.     riii.sTKD  .ii-nk  (1.  1«M.  ■ 
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swift,  tremulous  waves  of  light.  At  the  same  time  a  mass  of  fine  red 
color  appeared  in  the  north-west,  and  flashed  alternately  bright  and  dark, 
as  though  a  red  cloud  illuminated  by  heat  lii^htning.  Tliis  mass  of  red 
color  moved  rapidly  westward  and  was  preceded  by  remarkable  flashes  of 
red.  At  11.20  the  aurora  had  risen  nearly  to  the  zenith,  and  was  of  great 
brilliancy.  Numerous  narrow  streamers,  covering  the  entire  northern 
lialf  of  the  sky,  were  flashing  bright  and  dark  with  great  mpidity,  while 
fine  crimson  patches  appeared  independently  in  several  portions  of  the  sky. 

At  11.30,  or  a  few  minutes  later,  the  whole  aurora  from  all  sides  moved 
with  a  bound  toward  the  zenith.  Streamers  shot  up  from  north,  east  and 
west  with  mpid,  tremulous  motions,  reaching  higher  and  higher  with  eacli 
pulsation,  until,  «fler  apparently  sevenil  ineflcctual  attempts,  the}' all  con- 
verged at  a  point  nearly  on  the  meridian  nineteen  degrees  south  of  the 
zenith  to  form  a  corona  of  great  beauty.  This  corona,  which  at  first  wa^ 
unsteady  and  continually  broken  into  detached  segments,  had  become,  at 
11.40  P.  M.,  a  constant  feature.  Streamers  now  radiated  from  it  in  even* 
direction,  soutli  as  well  as  north.  The  whole  sky  seemed  in  motion  ex- 
cept this  one  point.  Rapid  waves  travele<l  along  the  narrow  streamers  from 
the  horizon  nearly  up  to  the  corona,  while  great  nebulous  masses  and  broad 
bands  of  crimson  light  flashed  out  in  diflercnt  portions  of  the  skj.  The^ 
masses  of  red  light,  particularly  noticeable  in  the  north-west,  had  no  defi- 
nite form,  and  showed  no  undulating  pulsations  like  those  of  the  threMl' 
like  streamers  but  either  hung  steadily  in  the  sky  for  some  minutes*  or 
else  were  illuminated  with  flashes  like  lightning.  The  impression  was 
given  that  thost^  nnl  portions  of  the  auroni  were  distinct  phenomena,  dis- 
connecltfd  from  the  g^oeni^h- while  strean\ers,  and,  i>erhaps,  at  a  greater 
distance  from  the  earth. 

The  centre  of  the  corona  appeared  to  be  some  12  degrees  east  of  Art- 
turns.  At  11. oO,  the  centre  of  the  corona  was  estimated  to  hare  the  posi- 
tion H.  A.  204  ,  Dec.  21-  :',U'. 

At  midnijjjht  the  corona,  a  perfect  star  of  light,  had  become  wonderfblk 
beautiful.  The  brilliancy  of  the  wh(»]e  aun)ra  was  concentrated  at  this 
l)oint.  the  liorizon  being  conipanitively  dark.  Remarkable  ooru8cation.'< 
of  light  surrounded  the  corona,  and  tliese  were  often  curved  so  as  to  ap- 
l>roach  in  form  a  hyperbola  of  lar«;e  eccentricit}',  who.»<e  transverse  ax i* 
pa^.sed  throuiih  the  centre  of  the  corona.  Tiie  streamers  between  thf 
corona  and  the  nortiieni  iiori/.on  now  united  into  remarkable  concenirii" 
hypcrholic  curves  of  great,  hrilliancy.  who>e  vertices  were  stationary  mar 
the  corona,  and  wiiose  tremulous  arms,  made  up  of  many  stre:iiner». 
reached  to  th»*  norlhern  horizon.  This  form  recalled  the  drawings  iii;ulr 
of  the  coma  of  certain  comets,  and  sugirests  interesting  analogies. 

Still  more  closelv  did  these  curves  of  li«:ht  resemhle  those  assunn'd  I'V 
iron  tilings  in  the  vicinity  of  a  majrnet,  and  it  is  probable  that  they  wen- 
identical. 

The  ci.-ntre  of  the  corona  was  now  at  R.  A.  207O   Dec.  21*^  iW. 
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I  At  13.10  JL.  M.,  and  dudng  tlie  btilf-lioui  followJDg,  occurred  the  moet 
MgDiOiKot  sight  of  tim  evenin);,  to  which  no  description  cnn  do  justice. 
BThe  strcftmeis.  whose  mass  vaa  now  concentrated  In  the  corona,  bad  de- 
I 'toched  themBelveBfrom  the  northurn  horizon  to  form  aa  auroral  eurlain  of 
L  great  beauty.  The  curtain  hnng  some  twenty  degrees  above  the  horizon, 
ft. and  was  continually  changing  in  Torm  and  color,  Tlie  atrenoierB,  whose 
Ltower  ends  formed  its  tVinge,  vere  united  above  la  bright  hyperbollo 
■  w  magnetic  curves,  which  approached  the  coronu  within  ten  degrees,  Hnd 
V'irhicb  remained  constant  while  the  lower  part  or  the  curtain  waved  to 
f  And  fro  in  waves  of  light.  ~ 

The  following  very  rough  dingram  may  Ecrve  to  illusiraie  the  geiiemt 
l.pdBiliona  of  ihc  c 


The  corQQa  itself  wait  m  somewliat  elliptical  crown  af  railiatins  bI 
witliio  which  was  a  permiinenl  nebulous  maaaof  light, liavlng* 
appeamnce.  Thia  inner  curdled  mass  was  continually  moving  a 
Ing  like  Ihe  sea.  and  was  ofleD  traversed  by  dark  iit\s.  It  Co 
drifted  eastward  to  vanish  suddenly,  aud  to  be  continually  reploc 
other  cluud-likc  forma  at  the  centre.  Ueanwhile  the  brilliant  fl 
red  L'ght,  dlsconnecled,  apparently,  wilb  the  other  phcDomena,  app« 


Fio.  2. 


In  many  portions  of  the  sfey,  and  ollua  continued  to  form  u  iMCk'g 
for  the  quivering  white  streamers. 

The  Btrcttmers  south  of  the  corona  presenti'd  cgulto  a  diflercnt  apptmrniint 
from  those  to  the  aorth.  They  were  quite  abort,  aud  wtirti  utton  bruknn 
into  two  or  more  scgmeuls,  which  fluctuated  to  and  tm.  but  diil  not  vxtend 
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lower  than  some  thirty  degrees  above  the  southern  horizon.     At  13.20 
Arctunis  occupied  almost  the  precise  centre  of  the  corona. 

At  12.25  the  remarkable  sight  was  presented  of  two  hyperbolic  curves  of 
light,  the  larger  one  lying  in  the  north,  the  smaller  to  the  south  of  the  co- 
rona, and  each  pointing  in  an  opposite  direction  to  the  other.  The  smaller 
hyperbola  was  bounded  by  an  inverted  arch  of  light  in  the  south,  some  30 
degrees  above  the  horizon.  Straight  lines  of  light,  liiie  a  conjugate  axis, 
passed  east  and  west  from  the  central  i>oint  between  the  hyperbolas.  The 
definite  boundary  of  the  southern  auroral  curtain  may  furnish  data  for  a 
determination  height  of  the  aurora  above  the  earth's  surface.  The  appcar- 
jince  of  the  sky  at  this  time  is  rudely  represented  in  Fig  2. 

It  is  evident  tliat  the  phenomena  now  seen  was  no  mere  etfcct  of  pcr- 
8i>ective.  The  auroral  streamers  had  become  curved  in  obedience  probably 
to  the  laws  of  magnetic  force  around  a  pole. 

At  12.85  the  corona  was  near  R.  A.  2150,  Dec.  2(P  30\  and  at  12.45  near 
K.  A.  210O,  Dec  20^  80'.  At  times  the  corona  was  a  perfect  star-like 
crown,  with  a  small  white  cloud  of  light  in  the  centre.  Sometimes,  how- 
ever, it  would  vanish  completely  for  a  few  moments,  to  reappear  with 
greater  brflliaDcy.  The  curdled  cloudy  matter  within  it  occasionally  took 
fantastic  curved  forms,  and  at  the  same  time  the  surrounding  streamers 
would  form  curves  at  their  extremities  close  to  the  corona.  Once  the 
stieamen  above  and  below  the  corona  moved  for  a  short  space  slowly 
aixmnd  it,  in  the  direction  of  the  hands  of  a  clock. 

At  1.06  A.  M.  the  corona  was  estimated  at  R.  A.  224^,  Dec.  20^,  and  at 
1.10  at  R.  A.  220O,  Dec.  20^.  By  this  time  it  had  become  fainter,  and  it 
frequently  disappeared  for  a  period.  The  aurora  in  the  north  continued 
until  daylight.  Special  attention  was  directed  to  mapping  at  intervals 
during  the  continuance  of  the  corona,  its  exact  position  among  the  stars, 
in  order,  if  possible,  to  determine  any  proper  motion  of  its  own.  The  cen- 
tral point  could  always  be  determined  by  projecting  the  paths  of  streamers 
to  their  converging  point. 

The  following  map  represents  the  approximate  successive  positions  ot 
the  centre  of  the  corona,  and  the  time  of  each  observation.  With  the  ex- 
ception  of  the  position  given  for  11.40  P.  M..  which  was  estimated  from 
nKMuory,  the  positions  here  given  are  as  plotted  at  the  time  upon  the  star- 
map. 

UiK>n  examination  of  this  map  it  is  at  once  evident  that  during  the  two 
hours  in  which  it  was  observed,  the  corona  had  an  eastwanl  motion  through 
space,  Jind  that  this  motion  was  at  the  r«te  of  15  degrees  an  hour,  or  pre- 
cisely the  direction  and  amount  of  the  earth's  rotation  upon  its  axis.  It 
was  as  if  the  corona  had  been  fixed  permanently  to  the  earth,  and  the  ob- 
servation is  a  strong  confirmation  of  the  theory  that  the  aurora  is  a  truly 
terrestrial  appendage.* 

»  The  writer  has  previously  (v.  Proc,  A.  A.  A.  S.,  Boston,  1880,  vol.  xxlx.,  p. 245), 
<le!«cribe<l  a  phenomenon  noticed  in  the  auroi*a  of  May  2, 1877,  which,  though  letM 
conclusively,  leads  to  the  same  dednction.  In  that  case  an  auroral  oomet-llke 
streamer  remained  In  a  couHtant  position,  with  regard  to  cei*taln  trees,  for  the 
space  of  nearly  an  hour,  being  apparently  fixed  to  the  earth  like  a  great  pointer, 
while  the  stars  and  the  zodiacal  light  revolved  past  it. 
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The  arc  described  by  the  C()rona  was  not  perfectly  coincident  wiili  a 
pamllel  of  declination,  hut,  if  the  observntions  are  correct,  had  «n  iocliiia- 
tion  o(  somewhat  over  2  degrees.  The  pole  of  this  arc  woald  be  conaidor- 
ably  west  of  the  true  north.  Moreover  the  corona  was  alwajs  aboul  8 
dogrees  east  of  the  meridian,  a  fact  also  indicatjog  that  the  nidiant  point 
of  the  streamers  was  west  of  north.  The  corona  was  coostanllj  IS  to  80 
degrees  soulh  of  the  zenith. 

It  is  of  interest  to  note  in  this  connection  that  each  of  these  facts  has  a 
direct  relation  to  the  position  of  the  mn^aetic  ncedltt  at  Philadelphia.  The 
magnetic  pole  is  about  5  degrees  west  of  the  true  pole,  anil  tJie  magnetic 
zenith  is  shout  ISj  degrees  south  of  the  true  aeuitli.  Tho  eorona  was, 
therefore,  wjlhin  one  degree  of  the  magnetic  zenith.     Parallax  roay,  per- 


I,  if  any  sach  exists.    The  pomlJOQ  of  fl 
I,  therefore,  doacly  to 
ind  the  connecljon  between  the  iwo  pli«- 


haps,  account  for  the  deviatioi 
auroral  streamers  and  of  the  ci 
U>  the  lines  of  magnetic  force,  t 
nomena  is  evident. 

The  electrical  effects  of  the  aurora  were  very  marked,  conflmilng  the 
belief  that  the  aurora  is  an  electrical  or  magnetic  discharge  through  rr- 
inoto  portions  of  onr  atmosphere.  The  telegraph  wires  over  a  large  por- 
tion of  the  country  were  strongly  affected  by  electrical  currents.  The 
wires  leading  from  Chicago  to  New  York,  to  Washington,  to  Milwaukee, 
and  to  Omaha,  are  staled  to  have  been  worlied  without  batteries,  «nd. 
after  grounding  the  wires,  messages  to  have  been  sent  ou  the  strongtli  of 
the  "auroral  cnrrent"  alone.  The  Atlantic  cable  suffered  similar  eled 
cal  disturbances. 


•  Inflnence  of  an  aurora  upon  the  telegraph  wires  ia  very  different  1 
-a  ilie  local  imil  transitory  efletts  of  a  tlmndcratorm,  and  can  alwiiy*  be 
fc^olzcd.    The  qI metrical  dlstarhances  ai  Philadelphia  coaLinued  [ram 
aiiglit  unlil  eleven  o'clock  on  Monday  morning.     At  the  offlcp  of  Uie 
lern  Union  Telegraph  Company  in  New  Yprk  it  is  rei>orted  thai  the 
H  liegan  to  be  affected  soou  after  ten  o'clock  and  thai  before  eleven 
'vrirKB  in  cTcry  direction  were  frequently  interrupted.     It  la  said  that 
X  never  an  auroral  current  of  like  |>olarity  with  the  battery  reached  the 
e*  It  nfiUtrallEed  the  current  completely  and  broke  the  circuit.    In  like 
»  n^r  auroral  currents  ot  opposite  polarity,  which  were  both  powerftil 
^■'^  <^     fr«jupnt,  would  intensify  ilie  current  to  such  a  degree  us  to  make  it 
».fe  I"  use  the  wires.     At  sucli  times  brilliant  sparks  appeared  at  the 
"'^^si  of  ilie  keys  and  repeaters,  which  would  soon  burn  the  Inalrnments  if 
I  T«*»t   disconnected.     The  cliange  of  polarity  In  the  auroral  current  was  very 
^   ■  **  let-mtltaDL     SomeLimea  it  occurred  very  rapidly,  and  at  other  times  ten 
*^^    flfUdQ   miault'S  would  intervene  without  change  of  current.     Similnr 
.   "^'^Olitail  phenomena  are  re|)orted  from  many  parts  of  the  country,  liidl' 
*tlH|[  SB  electrical  storm  of  ^reat  extent. 
Thera  wu  no  wind  at  Fhlladelplila  during  the  aurora,  and  the  mHd  ] 
^l>Hng-1ik(r  woaLher  before  and  during  the  few  days  since  ims  undergone  1 
nocfamngeof  consequence.    Observations  of  this  nature  upon  a  number  I 
**''  Karora*  bnvc  led  tha  writer  to  think  that  the  popular  idea  that  tba  1 
^*in>M  U  «Uher  the  cause  or  the  result  of  change  of  weather  is  a  fallacy.  | 
''*>al  Uiondmtorms  and  several  severe  tornadoes  have  however  occurred  | 
*Ince  Uif!  ttnrura  in  several  parts  of  the  country. 

Ob  ibe  night  ol  April  10^20  a  secnnd  aurora  appeared.    There  liad  beea  A 
"  envRTiJ  t)iilnderntorm  early  iu  the  evening — the  occuslon  of  loss  of  llfb    I 
^nd  property  Ln  diiiercni  portions  of  tho  State — ond  some  time  ufter  the 
'^y  lud  cDeared.  at  about  l.UO  A.  H.,  tliere  appeared  a  fine  aurora,  with 
higU  And  hrighl  sln-umers.     As  before,  the  telegraph  wires  were  affected, 
**»e  tlUturbance  at  Philadelphia  contlQuing  from  1  A.  M.  to  11.30  A.  M.» 
Tb«  occurrence  of  remarkable  auroral  displays  at  this  time  is  a  striking 
**»»innn*tiDn  ol  the  periodicity  of  ihiose  phenomena.    It  is  just  ten  yeaw 
''nee  tlie  last  auroras  of  importance  ckccurred,  and  the  period  of  10  io  IS 
y^^nrn  between  maximum  auroral  displays  may  be  regarded  as  Urmly  cs- 
***»li»hcd.    The  coincidence  of  tliia  period  with  that  of  most  numerous 
"ans  jMiu  shows  a  direct  connection  between  the  electrical  rondillon  of  the 
'^^■^h  and  the  sun.     At  the  present  time  the  snn  is  o.Thibiling  remarkable 
I   ••"•.■»  rliancfts.    U|xin  the  tun's  disc  are  numerous  and  large  spots  which 
"       *^<^ntlniuilly  changing  in  shape,  and  are  traversed  by  solar  cyclones  nf  I 
'*»«»»|  energy.     I,Arg«  gronps  of  sunspots  are  now  visible  to  the  naked   I 

■  rll«rl>>l>il1iil>tu(l  to  tlic  nmcers  nl  tbe  Western  tJnlnn  Telegrapb  Com. 
^*'    Cot  InforninUuii.    Bo  aluo  takes  plsosuro  in  aflknowloajtlng  the  klndiiess 
^  **■  T.  r.  TnwnMiKl,  Signal  Service  OITIcor  at  Plilladelpbia.  who  luu  oontrlb- 
'  hi*  i>i-r*nnalob>f>Tvallona  nimii  llio  niirnmlor  tue  In  the Tnt««nt  paper. 
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eye,  and  one  of  the  spots  is  said  to  be  the  largest  wliich  has  appeared  for 
ten  years. 

The  tlieory  is  not  improbable  that  sunspots  are  the  rcsnlt  of  solar  dec- 
tricttl  or  maj^netic  storms,  and  that  auroras  are  the  result  of  a  disturbed 
electrical  condition  of  the-  earth,  caused  by  induction  f^om  the  sun.  The 
common  cwuse  for  both  i)henomena  i.s  probably  cosmiail. 


\ 
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Po«/«crip^— Since  this  i)aiHT  was  pi'eseiitcrt,  r<;port8  ot  an  unusual  auroral  <li^* 
play  have  come  from  all  sections  ol  the  country.    The  iiui'ora  was  vlwlblcacro**^ 
the  continent  from  the  Atlantic  to  the  Pacillc  coast.    At  San  Francisco  itinr^""  ' 
ported  as  the  most  brilliant  seen  for  many  yeai-s.    A  blight  crimson  llifl** 
appi'are<l  at  8.:iO  r.  M.,  and  the  aiironi  showed  various*  coloi-s.    At  Omaha  iicrln* 
son  sheet  across  the  sky  is  desi^rlbed  as  its  most  remarlaible  fmituro.   At  Kain*!-*-^ 
City  it  was  said  to  be  tin*  Hnest  auroni  since  1H?2,  and  at  1'2.,'»  the  whole  norther 
sky  was  lit  up  by  streamers  and  red  flames.    At  Warrentou,  Mo.,  where  it  i 
described  as  the  most  naiiarkable  ever  seen,  the  li^htwas  so  brilliant  that  Ai^r 
I.tO  feet  distant  could  be  rea.l.    A  white  arch  of  I if^ht.  extending;  from  cast  t 
west,  advaiKM'fl  southward  at  mi<lnight  to  within  UTt  degrees  of  the  souther 
horizon,  and  the  corona  was  visible.    At  St.  Louis  it  was  seen  early  In  the  ever 
ing.  and  it  is  stated  that  at  11  1*.  M.  then*  was  no  electrical  disturbance  in  tlra 
telegi'aph  wires.    At  Baltimore  and  Washington  it  was  described  us  unusiuill      ^ 
flue,  and  ctmsistlng,  flrst  of  a  baml  of  white  light,  later  of  sluifts  ot  colored  \ig\     *■  * 
shooting  through  it,  and  afterwards  of  ti'emulous  streamers  moving  with  Huh 
nlng  rapidity,  from  north  to  south,  while  clouds  of  red  Are  hung  in  the  nori- 
west.    At  Klchmofid,  Va.,  it  was  seen  distinctly  at  :J  A.  M.,  and  is  reporte«l  t    "^^ 
the  flnest  ever  seen.    At  Boston,  elect lic-al  disturbances  were  noticed  jihort  *   > 
after  the  api)e>iruntH' of  theauroini,  and  continued  till  late  in  the  Rltennwui    ^~  '^ 
the  17th.    The  wires  from  Ilost^m  to  Albjiny  ami  from  Host«)n  to  New  York  we  "^r^*^ 
work«Ml  withrmtthe  iKittery.  thaltn  New  York  having  been  worked  by  the  ic     «-  *  ~ 
roral  (;urr»Mii  uloiie  lor  three  li«mrs  conM-ouilvely. 

in  England,  France.  JJelginni,  G<M'many  ami  Italy  siml1:ir  electrical  perturl    ♦  =  •    " 
tlons  were  observed.   Upon  llie  French  telegraphic  lines  the  perturbations  wr—   «  '  *  ' 
so  tre(|uent  Irom  April  hltb  to  Ai)rll  "J^Jtli  lliat  si)eclal  ineasuri":s  were  taken    l    "•  r^ 
the  aulhorlties  to  meet  tin*  et)ntiiigency.     Klectrieal  equilibrium  wa-*  re«!t<>i"*'  * 
on  the  •l\>>\. 

It  is  also  ot  tlie  greatest  interest  to  learn  that  in   Knglanil,  wliciv,  so  far       *■-*- 
known.  no:iiir<ira  v\a»<  seen,  tliere  occurred  a  great  mairnetie  st«»rm  at  the  piec-  "^  = —  * 
lime  that  the  aurora  a|)|>fared  in  America.     Mr.  «jl.  M.  Wlilpple,  f>t  the  Kew  «..»"!* 
servatory.  in  a  (ronniiunicatioii  to  A'^/j/rr  of  April -JO.  says  "a  megnetic  stoini     •    *  ' 
unusual    intensity   rageil  lr<iiii   Hbr)ut  midni«;l>l.  ol  the  IKth  to  midnitrht  ol    t  L  "■  *" 
17th."  and  that   "a  trenienilou.-.  ^jml    wliich  appeared  t»u  the   sun's  liisk  «>ii     T  *   i '" 
l;{th,  i- now  ra])l«lly  ai)prottchlnir  the  central  meridian,  and  a  group  observc-t  I   «  *  '  ■ 
Sat  unlay  In  ailvauee  ni  It,  has  undenxone  considerable  change  In  the  interv**^  - 

In   yntiirr  Ot  April  •27lh.  lie  further  n'|»orls   that  •Mlu'»  magnetic  distnrhtin  •^'■•" 
bet^an  at  11. t.')  V.  M.  nJ.r»  1*.  M.  IMdladelphia  tiine),  April  HJth,  by  an  inorea-*'  *  '' 
the  ileclinalifMi.  an  au^rineniation  u\  the  iHui/.ontal  lor<'e  and  a  diminntitm   *"' 
t  he  verliciil  torce.    The  nioveuient^  of  tlie  decliuonu-ter  became  gnidually  iiiox  '* 
rapid  atier  1  A.  M.  on  tlu'  ITtlj   '.«  1*.  M.  riiiladelphia  lime;,  whilst  its  itj.eillati'"*"' 
eMeiided  tartlier  and  farther  from  Its  n(U-nial  ])o:.ltion,  principally  in  thcilii>'*'' 
tion  ot  in<'rea'»ed  Wf  .«/rr/// cledinalion.     From  l.;;<Mo '.♦  A.  M.  (IV.:W  P.  M.  to4  A.  >'- 
rhlla«lelphia  time)  the  liori/nntal  torce  had  cllmlnishe»l  so  much  thai  tlieli'*<^* 
frequenlly  iia»«.sed  olftlie  i)ap»!r.  aricl  tlit^  regNter  wa-*  loM  lova  while.  Tlieiiii!''" 
mum  of  vertical  tbrce  fM-curred  at  .')..V»  A,  M."  (1J..V»  A.  M.  I'hlhulelphla  time).  Hf 
state",  that  the  disturbanr-e  iliil  not  ille  out  till  about  >'  1*.  M.  on  the  I'lh, 

*'  During  the  isthand  I'.Mli  the  niagnet-i  were  nuallected,  but  al  .'i.l.')  A.  M.  <»I''''-" 
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C  10.45  P.  Mm  April  19th.  Philadelphia  time),  a  second  disturbance  sot  in, 
oonn.niencing  with  a  rapid  increase  of  declination,  the  first  swing  of  the  magnet 
Cffcnry  ing  it  nearly  a  degree  to  the  westward,  whence  it  returned  at  4.30  A.  M. 
ItA  rx^ean  position  was  reached  at  6  A.  M.  (1  A.  M.  Philadelphia  time)  and  then 
Its  ossolllations  became  very  rapid,  and  continued  so  until  2  P.  M..  after  which 
tioi:!!*  they  became  less.  Both  forces  were  also  simultaneously  disturl^ed,  but 
ttieii-  movements  were  much  more  limited  than  on  Monday." 

It  is  at  once  seen  that  there  is  a  most  remarkable  coincidnncc  in  time  between 
tlie  magnetic  storm  in  England  and  the  auroi*a  as  seen  hi>re.    The  second  mag- 
netic storm  also  occurs  simultaneously  with  the  second  auroi-a.  and  an  absolute 
P^'oof   of  the  dii*ect  connection  between  the  two  phenomena  is  hereby  estab- 
ll»lie<l.    It  i;*  interesting,  also,  to  note  that  the  magnetic  disturbances  for  the 
w»r>eit  ])art  slightly  preceded  the  aurora,  while  on  the  other  hand  the  electrical 
<^tTect«  upon  the  telegraph  wires  were  subsecpient.    This  fact  suggests  magnet- 
ism «u»the  primary  cause  of  the  auroi-a.    The  magnetic  curves  assumed  by  the 
*^**»t.mer8  also  favor  this  theory.    The  red  flashes  in  the  sky  were  probably  ac- 
conipitnying  electrical  discharges,  and  many  auroral  etfects  may  be  duo  to  the 
<^^ntlnual  transmutation  of  the  two  forces. 


Stated  Meethvj,  May  J,  1882. 

Present,  4  ineml)ers. 

liCtters  accepting  nieml>ership  were  received  from  the  Rev. 

^^»^.  Robias  No.  1821  Dehmcey  Place,  Philadelphia,  Ai)ril  20; 

'*^'^in  C.  S.  Sargent,  dated  Arnold  Arboretum,  Harvard  TJni- 


j^f?ton,  D.  C,  May  2,  and  froni  Geortre  De  B.  Keini,  No.  2009 
"■^^lancey  Place,  Philadelphia,  April  25,  18S2. 

^      ^  photograph  of  M.  Milne  Edwards  was  receive<l  in  a  letter 

^ted  Museum  d^Histoire  Natnrelle,  Paris,  April  7,  with  a  re- 

^l  U.^>st  for  Nos.  07,  102,  108  to  comr)lete  a  set  of  the  Proceed- 

^  tiCttcrs  of  acknowledgment  were  receiv(Ml  from  the  New 
^_^  ^mpshire  Historicul  Socncty  (llo);  Museum  of  (.'omparntiv^e 
^^*^*ologj^  (110);  American  Antiq.  Society  (110)  ;  Rhode  Island 
^  ia^torical  Scxjiety  (110);  Connecticut  Historical  Society  (110); 
^tor  Library  (110);  New  Jersey  Historical   Society  (MO): 
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C.  L.  Doolittle  (110);  Traill  Green  (110);  T.  C.  Porter  (110); 
W.  B.  Taylor  (llu);  J.  H.  C.  Coffin  (110);  J.  J.  Stevea^o 
(110);    Georgia   Historical    Society  (110);    H.  Phillip,  Jr- 
(110);  Wyoming  G.  and   Historical   Society  (110);  Numis- 
matic and  Antiquarian  Society  (110)  ;  Buffalo  S.  N.  S.  (110)  '-. 
J.  M.  Hart  (110);  Chicago  Historical  Society  (110),  and  tb^ 
Koyal  Bavarian  Academy  (107,  108,  Trans.  xV,  2). 

Letters  of  envoy  were  received  from  the  Geological  SurvejV 
of  India,  Calcutta,  Jan.  4 ;  the  Royal  Bavarian  Academy,  Fel-^- 
18,  and  Mr.  Wm.  Blades,  28  Abchurch  Lane,  London,  Apri  ^ 
17,  1882. 

Donations  to  the  Tjibrary  were  reported  from  the  Geologicf*' * 
Survey,  India ;  Academia  dei  Lincei ;  S.  C.  Geog.,  Bordeaux:     r 
Roval  Astronomical  Socictv  ;  London  Nature ;  Mr.  W.  Blade.^    ^ 
Harvard  University;    Boston    Socictv  of  Natural    Historv^  • 
American  Historical  Society ;  American  Philological  Societv  : 
Silliman's  Journal;    Mrs.  T.  P.  James;  American  Chemical 
Society;  American  Socictv  of  Civil  Enc]^ineers:  Franklin  In- 
ptitute ;  Journal  of  Pharmacy;  Mr.  H.  Phillips,  Jr.;  AmeTi- 
can  Ch(Mnical  Journal ;   U.  S.  National  Museum  ;   Com.  Inter- 
nal Revenue;  Weather  Sigu:il  J^ireau  :   Hoard  of  Health.  Neu' 
(Orleans,  and  Academy  of  Sciences,  St.  Louis. 

The  death  of  Eal|.)h  Waldo  Emerson,  at   Concord,  Mass., 
A]»ril  27,  aiied  nearly  sO,  was  announced. 

On  ijiotion  of  Mr.  Phillij^s  the  President  was  requested  i'^ 
consider  various  communications  from  Professors  James  Ilall. 
Geo.  11.  Cook,  and  .1.  P.  TiCslev,  and  to  memorialize  the  Presi- 
dent  of  the  Senate  of  New  York  for  the  complete  publicati»>n 
of  the  Pal:fontoloL'"v  of  that  State. 

And  the  meetinjf  was  a<lj«.>urned. 


I  293  [Kothrock. 

Biographical  Sketch  of  Thomas  Potts  James,     By  J.  T,  Rothrock. 

{Read  before  the  American  Philosophical  Society,  May  19,  1882.) 

I  the  line  of  botanists  binding  the  present  to  that  remote  past,  when 
flora  was  as  unknown  accurately  to  Americans,  as  to  the  rest  of  the 
Id,  but  few  survive.  Darlington,  Sullivant,  Torrey,  James,  within 
nt  years  have  dropped  out  of  the  chain.  The  interest  attaching  to  such 
I  is  more  than  an  ordinary  one.  They  were  the  last  generation  to 
ch  our  botanical  pioneers  belonged,  and  they  witnessed  not  only  the 
of  a  republic  in  politics,  but  the  rise  of  a  republic  in  science.  They 
Id  remember  when  in  all  this  broad  land  there  were  not  a  score  of  bot- 
ts ;  when  the  science  of  plants  and  plant  life  held  no  recognized  place 
lie  colleges  of  this  country  ;  when  the  literature  of  our  flora  was  almost 
nsively  foreign  ;  when  the  commonest  implements  of  exact  research 
e  from  over  the  ocean.  With  them  nearly  the  whole  scientific  tradi- 
of  the  country  disappeared.  Later  events  find  prompt  and  wide  cir- 
tion  in  our  scientific  periodicals,  but  much  that  would  interest  the 
re  is  lost  to  the  world  when  one  of  these  honored  witnesses  leaves  us 
)in  the  host  that  went  before. 

tiomas  Potts  James,  in  memory  of  whom  this  brief  sketch  has  been 
»ared,  is  the  latest  whose  loss  we  deplore. 

r.  James  was  born  at  Riidnor,  in  Pennsylvania,  on  September  1, 1808. 
lied  suddenly  of  paralysis  at  Cambridge,  in  Massachusetts,  on  Feb. 
1882.  His  ancestors  were  among  the  leaders  of  thought  and  action  be- 
and  during  the  Revolution.  They  arrived  in  Pennsylvania  earlier 
I  Penn.  His  grandfather,  Thomas  Potts,  after  raising  a  company  and 
g  commissioned  captain  in  1776,  raised  a  battalion  and  was  made  its 
nel.  He  was  also  a  member  of  the  convention  which  assembled  in 
ladelphia  on  July  9,  1770,  to  form  the  new  government.  Washington 
his  staflf  were  frequent  guests  at  his  house,  and  in  it  many  important 
lie  letters  were  written.  As  the  friend  and  intimate  associate  of 
nklin  it  is  not  strange  that  he  was  one  of  the  original  members  of  this 
2tv. 

e  was  also  among  the  earliest  to  develop  the  iron  interests  of  Penn- 
ania.  A  great  uncle  of  Mr.  James,  Dr.  Jonathan  Potts,  was  Deputy 
Ttor-General  of  the  Hospital  in  the  Northern  Department  during  the 
olution,  and  was  subsequently  made  Director-General  of  the  Hospital 
le  Mid4lle  Department  when  this  State  and  New  Jersey  became  the 
of  war. 

lother  great  uncle,  Samuel  Potts,  was  a  member  of  the  convention 
'h  framed  the  Constitution  of  Pennsylvania,  and  was  also  elected 
>ciate  Judge.  The  name  of  the  fjimily  is  still  perpetuated  in  Potts- 
I. 

ming  then  from  such  a  stock  it  is  not  strange  that  the  subject  of  this 
h  developed  marked  intellectual  traits.  Indeed  it  would  have  been 
ser  if  he  had  not. 


R<»throok.]  ^.'l  [Mty  iv, 

Mr.  James'  love  of  botany  appears  to  liavc  been  an  early  one.  AsslateA  ^ 

in  the  Potts'  nioniorial  by  tlie  authoress,  his  wife  and  congenial  life  coii^- 
panion, — **  From  his  youth  he  devoted  his  leisure  to  the  study  of  botan^'^' 
and,  having  a('r[uired  a  knowledge  of  phu*nogani(ms  plants,  he  turned  ts^^ 
attenti(m  to  the  cryptogamia,  making  the  musci  a  specialty.*'     "Hei"*^" 
ccivi'd  his  early  education  in  Trenton,  N.  J.,  intending  to  enter  Princeu:>  **• 
College,  but  was  prevented  by  cireumstances,"  etc. 

There  are  some  men  wht)  acquire  all  the  mental  discipline  that  a  colle,^?^^^ 
course  could  confer  without  entering  those  halls  of  learning.  Mr.  Jan^  ^^-a* 
was  one  of  these.     It  mav  be  doubted  whether  he  would  have  earned  av^  ^' 

ft 

more  honored  name,  or  placed  the  future  bryologists  of  the  land  udA.  ^^  ^ 
any  greater  obligations 'if  he  had  taken  an  academic  degree. 

For  almost  forty  years  he  wjis  en;raged  in  the  drug  business  in  this  cit  3=~  . 
but  never  alloweil  the  cares  of  tnide  to  crowd  science  out  of  mind,  a  x:»  <1 
though  not  at  the  time  (enabled  to  devote  all,  or  even  much  of  hisattc 
tion  to  botany,  yet  the  years  were  far  from  being  unproductive  in  l 
science  to  which  lu?  was  so  deeply  attached.  In  1853  the  third  edition  <"^f 
(that  work,  whir-h  will  always  be  a  classic  book  of  Hcience)  Darlington  *  J 
Flora  Ce-^triea  api)eared.  To  this  Mr.  James  contributed  the  p<irtion  de?  - 
scribing  the  class  of  Anophytes.  i.e..  Mosses  and  Liverworts.  Thoup^Ss 
hardly  thirty  panes  long  it  represents  an  amount  of  labor  which  isDO"^wf 
past  beli<*f.  It  may  in  ]»arl  be  regarded  as  a  pioneer  work.  To  say  notta  - 
ing  of  the  labor  involved  in  collecting  the  material  for  that  short  papea^.- 
there  were  the  critical  determinations  of  the  species  and  the  always pc«"- 
plexini;  (piestirms  of  synonyms  to  settle.  It  is  needless  to  say  that  the»  *^ 
duties  were  most  conscientiously  done,  for  Mr.  James  never  worked  Inifl.^^ 
other  manner.  Kvery  line  which  he  ever  wrote  u|>im  a  scientitlc  snhjeC""* 
was  mn-Jt  carefully  (Considered.  In  Decrember.  1855,  he  published  in  th  ^^ 
Pnueediii'js  nt' ilie  Piiila«lelphia  Academy  ot  Natural  Sciences.  "An  en*-  ' 
inenitioii  ot' !Mns«.e<  detected  in  tlie  Noriliern  I'nited  States,  which  are n(^ ** 
cunipri-rd  in  tin*  .M:iMUal  of  A»a  <ir!iy,  M.  I).,  some  of  which  are  ne^^ 
S])<'(ie<. " 

Mr.  Iji'-ipUTMix  intornw  ni*'  :il>o  that,  about  tliis  time  he  wrote anothc*  *■ 
]):i|)'T  of '-iiiiiliir  <"iiannter  to  the  ubove  but  wliere,  or  what  its  exa«'t  titlf  *  " 
iii'ither  of  M-  ciM  ^ay.     In  the  SmitlKonian  Report  for  1S07  there  apj^rc"""-* 
in  "A  Skeicli  ot'  till'  Flora  (jf  Aln<ka."  prepared  by  the  present  writJ-r,     »• 
\\<\  ot'  I  lie  *'  A  iioj^liyte^i  cletfriiiiiied  jind  coinpih'd  by  Thomas  P.  .laiiit*- 
Kxtt'iiilinii:  ovrr  but   two  pairr-;.  that    li-t  still   represents  ji  con^cienti'^"" 
viMreh  tlirtHi'jh  all  tin-  liofanical   literature  of  the  renioii  in   onler  t«»  biin- 
toirctln-r  ill  a   •'iiiiih-  \if'\v  it<  entire'  nio^-^  flora:  then,  too,  then*  are  h'- 
orii:iiial  •let«rmiiiati«in-  ot'  tin-  >[i«'Ciniens  eouiinir  fnun  that  rejrion  whi'*" 
wep*  plaecd  ill  hi<  hai^N. 

Ill  1^71  he  published  aiiotlur  cataloirne  with  important  n^tes  in  thr  m'* 
l'ainoii<  V«>luin«'  V  ^d"  tin-  ('lar<Mee  Kiii-j;  Surveys)  which  rt»]>resetit< Mr 
Wat-ori'^  earli<'<t  lah^r  in  the  -rii'iue  in  which  he  ha<  '•inee  lieeome  ««> '''*■ 
tin'-'iii-'hrd 


IS 'tis- j  ^^*^  [Kolhrook. 

X  ri  1878  anotlier  catalogtio  of  Western  Mosses  was  published  by  Mr. 
"^^  »T  MS  in  Volunif  VI  of  the  Wheeler  Survey.  It  contains  short  notes,  and 
^^**c:?ripiions  of  the  less  known  species. 

X  r^tlic  Proceedings  of  the  American  Academy  of  Arts  and  Scitmc(?s  for 
*'"**^*>ruary,  1879,  conjomtly  with  Leo  Lesciuereux,  he  imblished  "Descrip- 
^^''^ri  of  some  new  Species  of  North  American  Mosses." 

-A^tthe  time  of  his  death  Mr.  James  was  enga«j;ed  with  Mr.  Lesquereu.x 
'"^  "tlie  preparation  of  "A  Synopsis  of  North  American  Mosses,"  a  work 
"^'^tch  is  of  greater  magnitude  and  importance  than  its  modest  title  would 
■'^^licale.  Together  they  had  advanced  to  the  Ilypnnceie,  and  of  it  Mr. 
^^sc^iiereux  writes  to  me  "If  I  have  time  to  tinish  this  work,  it  must  be 
pul>lished  in  both  names." 

I  c»Dnot  forl>ear  quoting  what  his  distinguished  collc^agut?  has  writtcMi 
*^^  ^Ir.  James  in  a  private  letter  to  me.  It  is  of  far  greater  worth  than  any 
sitat«?mcnl  of  mine  cau  be  : 

• '  An  excellent  microscopist   and  delineator :    an   ardent   collector  of 
^^<^>«ses,  he  constantly  devoted  himself  to  their  stud  v.     I  came  to  this 
^oxintry  in  1848,  and  it  was  only  a  litth;  after  my  arrival  here  that  he  be- 
>P^Ki   jsending  me  his  mosses  for  determination.     Our  cc^nnection  continued 
^uiil  his  death.     I  received  a  letter  from  him  but  a  few  days  before  thi>*. 
^V'hen  I  was  obliged  to  abandon  the  use  of  the  microscope  h<'  worked  con- 
stantly upon  sketches  of  all  the  interesting  or  <loubtful  American  species 
*ncl  prepared  for  th<j  descriptive  part  of  which  I  tot)k  charg<\     lie  had, 
'^^oneover.  to  give  much  time  to  the  examination  of  (collections  of  mosses 
*^>^t  for  determination  from  various  parts  of  the  continent,  those  of  E.  Hall 
"^m  Oregon,  Macoon  in  Canada,  WollT  and  others  from  Illinois,  so  that 
"^  Work  and  influence  in  the  Brvoloj^v  of  North  Am(?rica  have  bcc^n  verv 
S*^2at,  though  his  publications  are  limited  to  a  few  catalogues  or  meuKurs." 
■hen  follows  this  touching  tribule  from  his  associate  in  what  was  tt)  have 
"^n  the  crowning  task  of  his  active  lite  :     **  As  a  colleague,  as  a  man  of 
*nith,  of  honor,  I  regn?t  liim  very  mu(ch,  but  still  more  as  an  old  frirnd. 
^e  wereal>out  the  same  age  and  I  expected  he  would  survive  me  for  a 
"^**g  time."     Surely  such  testimony  fnnu  one  who  had  constant  relations 
Mlh  Mr.  James  for  more  than  thirty  years,  in  the  same  line  of  work,  is 
Pf^ise  indeed,  and  speaks  volumes  for  the.  integrity  and  ainiai>ility  of  l«)th. 
^n  this  connection  I  may  add  how  chcerfiillv  he  always  aiiled  llnxc  who 
*PP«aled  to  him  for  assistance  in  namiiii<:  what  to  them  WL*re  (li)ul)tful  ancl 
'lifflcult  species.     However  badly   pn^parcd   the  specimens   might  havr 
"^n,  however  common,  or  however  worthless  th<^  material  was  to  him, 
^l»e  same  careftil  replj"  was  always  sent  to  the  iiKpiirer.     These  deman<ls 
^l»n  his  time  were  frequent  and  serious  ;  inik-ed  w(;  uiay  fairly  say  tliat 
uariDg  his  earlier  years  they  were  detrimi'iital  U)  his  business.     Bui  t'n»m 
*ynip!\tliv  with,  and  desire  to  aid  any  fellow-stutlent  he  tolfratrd  tlns<'  an- 
I*^Utothe  very  last.     It  is  almost  a  pity  that  time  whicth  had  bi-cuinr  s.) 
v»ltialile  to  science,  during  his  later,  most  productive  years,  was  so  i'mly 
fl'veo  awav. 


lloihrock.]  ^96  (Majlf, 

Mr.  James  was  as  inoclest  as  he  was  painstaking  ami  accomplished.  It 
was  only  after  the  rei)eate(:l  solicitations  of  his  life-long  friend,  Prot  Gray, 
that  he  undertook  the  preparation  of  the  Synopsis  of  North  Ameiicui 
Mosses  in  conjunction  with  Mr.  Lestiuereux.  "When,  however,  he  con- 
sented, he  began  the  task  with  nil  the  eager  earnestness  of  youth.  Two 
years  of  constant  work  made  it  requisite  that  he  should  rest ;  and  with  this 
end  in  view  he  took  a  trip  to  Europe  in  1878.  But  even  there  all  the  time 
he  could  give  was  spent  in  association  with  Bchimper  of  Strassburg,  then 
the  head  of  £urop(^an  bryology,  in  comparing  our  American  species  and 
in  settling  synonyms.  For  a  wliole  month  Prof.  Schimper  gave  his  after- 
noons to  labor  with  Mr.  James  in  this  tusk.  The  result  of  that  visit  will 
be  apparent  in  placing  our  own  moss  flora  in  proper  relation  with  that  of 
Europe.  Ills  industry  and  singleness  of  purpose  at  a  time  when  most 
men  seek  rest  were  wonderful.  During  the  last  two  years  of  hia  life  he 
labored  "  from  ten  to  twelve  hours  each  day  over  the  mosses ;  often  three 
or  four  houra  at  a  time  without  moving  from  his  table."  Only  a  few 
weeks  before  his  death  when  reminded  by  Mrs.  James  that  he  had  alreadj 
worked  fourteen  hours  that  day,  and  remonstrated  with  for  writing  by  gas- 
light, his  reph'  was,  "  this  work  must  be  done  and  I  have  no  time  to  rest." 

The  end  came,  and  came  suddenly,  but  he  was  not  unprepared  for  it. 
No  one  whose  life  was  as  devout  as  his,  and  who  lived  with  such  entire 
charity  toward  all  men,  could  be  unprepared. 

February  '22,  1882,  Ash -Wednesday,  ]Mr.  James  left  Ida  study  and  at- 
tcruled  to  his  religious  duties  in  the  Chaj>el  of  the  Protestant  Episcopal 
Th(M)l(»»ri('al  Sominary  of  Harvard  University.  It  was  to  him  the  very  gale 
to  Ih'avrn,  tliouirh  he  little  knew  how  soon  he  was  to  i)ass  through  and 
into  tlu*  eternal  world.  Services  being  over  he  returned  to  hi"*  work. 
Li'avini^  his  study,  he  went  into  an  adjoining  room  where  he  was  seized 
liy  paralysis  (jf  the  lefi  side,  and  this  was  foUowcil  by  loss  of  spe«'ch  an«i 
tiien  coma,  from  which  without  awakening  ht;  passed  calmly  away. 

We  may  well  imairine  how  profound  the  grief  over  the  loss  of  such  a  bus- 
band  and  father  would  be.  But  it  was  hardly  less  deep  in  the  hearts  •>( 
h\<  habinial  asMiciates.  A  letter  received  from  I*n)fessor  Gniy,  who  sto«>»l 
by  a-.  Mr.  .Tames  departed,  contains  a  passage  too  sacred  even  for  a  biiv 
graphi<al  >ketch.  but  which  indicates  a  suppressed  anguish  and  a  sense  of 
pfMsonal  bereavement  more  clearly  than  any  jdirase  sot  iu  intentional 
mournlul  measure  could  do.  In  anotlu^r  pluce  Professor  it  my  has  <ivfn 
hi>  esilmat*'  of  the  man,  and  in  a  ^inirle  sentenct*  explained  tlu*  i-ause  i>f 
hi>  own  nol)le  Lrrirf    brcnix' ]Mr.  James  '^  irns  (uhninihle  in   nil  fiu  relii- 

Mr.  Jame^'  active  interest  in  botanical  science,  and  the  estimation  in 
which  he  was  held  bv  his  colle:iLaies.  are  clearlv  indicated  by  the  ass4»«-'n- 
tion  he  had  in  Ihc  learned  soch/ties  of  this  land,     lli'  was 

"Fellow  of  ih«'  American  Academv  of  Arts  and  Sciences. 

••  Fr-llow  of  the  ,\merican  AsMK-lalion  for  the  Advancenieiit  of  Soieui^ 


U82.1  ^"*  [Rothrock. 

"Member  and  sometime  Officer  of  the  American  Philosophical  Society, 
"Treasurer  of  the  American  Pomological  Society  for  27  years, 
*  *  Officer  of  the  American  Pliarmaceutical  Society,  and  also  of  the  Phila- 
delphia Drug  Exchange, 
**  Professor  of  Botany  to  the  Pennsylvania  Horticultural  Society, 
*' Member  of  the  Boston  Society  of  Natural  History, 
"Honorary  Member  of  the  Massachusetts  Horticultural  Society, 
"And  of  other  kindred  Associations." 

During  one  of  the  absences  of  an  honored  member  of  this  Society  in 
Europe  Mr.  James  was  his  substitute  as  librarian.  There  are  those  still 
living  who  remember  how  very  acceptable  his  services  were  in  that  ca- 
pacity. 

This  would  be  a  one-sided  and  very  imperfect  sketch  of  Mr.  James  if  it 
made  no  allusion  to  his  public  spirit  as  a  citizen.  Whatever  was  in  the 
interest  04  education  or  of  philanthropy  interested  him.  During  the  late 
war  he  was  thoroughly  "Union  '*  in  his  sympathies,  and  did  duty  with 
the  First  Regiment  of  the  National  Guard.  He  was  also  a  member  of  the 
Union  League,  and  an  active  associate  of  those  who  upheld  the  Govern- 
ment under  all  circumstances.     His  loyalty  nevered  wavered. 

In  December  1851,  he  married  Isal>ella  Batchelder.  This  most  fortunate 
union  was  the  result  of  an  acquaintance  which  began  but  fifteen  months 
before,  and  which  grew  out  of  a  correspondence  between  Dr.  Darlington, 
Miss  Batchelder,  Mr.  James,  and  Dr.  Gray,  relative  to  the  publication  of 
the  letters  of  John  Bartram.  For  more  than  thirty  years  Mr.  James  found 
in  his  wife  a  sympathy  in  all  his  work,  and  a  cultured  mind  capable  of  ap- 
preciating and  aiding  in  his  own  literary  labor. 

Such  marriages  are  blessings  to  both  the  contracting  parties.  Mrs. 
James  and  four  children  survive,  and  now  reside  in  Cambridge,  Massa- 
chusetts, whither  he  removed  from  here  in  1867. 

We  mourn  over  the  loss  of  Mr.  James  not  only  because  he  was  dear  to 
a  large  circle  of  friends,  or  because  he  wjis  an  active  promoter  of  science, 
but  also  because  his  death  leaves  his  favorite  study  with  but  one  prominent 
representative  in  this  land,  a  representative  full  of  years  and  of  honor. 

But  there  is  no  younger  botanist  on  whom  the  mantle  has  fallen  ;  none 
appear  to  t«ike  up  the  work  as  these  veterans  cease  from  their  labors,  and 
in  this  event  the  world  is  made  poorer  from  the  loss  of  our  former  usso- 
ciHte. 

Gentle,  genial  man,  though  we  realize  how  serious  a  loss  your  depart- 
ure has  been  to  science  here,  we  do  not  mourn  for  you  as  for  those  over 
iviioin  we  have  no  hope  ;  neither  may  we  question  the  wisdom  of  the  de- 
cree which  opened  your  eyes  to  the  full  glory  of  the  celestial  splendor  you 
ba^d  »<>  long,  patiently,  trustingly  waited  to  see. 


^^  IMnyU, 

Stated  Mectiwj,  Maij  19,  1882. 

l^rcsoLil,  0  members. 

President,  Mr.  Fkalky,  in  the  Chair. 

A  letter  acceptinf^  membership  was  received  from  C.  Vv". 
Kin.LT,   dated   Trinity   College,  Cambridge,  England,  May  ." 

Letters  of  acknowled^rment  were  received  from  Mfessr*'. 
Downes,  llilgard,  (nMxlfellow,  Scliott  (109);  American  fJ:h- 
noloLdeal  Society  (109):  U.  S.  Xaval  Ol)servatory  (l**^): 
State- Historical  Society  Wisconsin  (110);  Asjiph  Hall  (11 'J); 
C.  JI.  F.  Peters  (llO);  Kansas  State  Historical  Society  (llOV 
American  Kthnolorriccjl  Soci<;ty  (11*>);  Boston  Public  Librarr 
(lln):  Maryland  Historical  Society  (110),  and  Poughke  |>sie 
Society  of  Natural  History  (lOil,  110). 

Donations  for  the  Library  were  received  from  the  Ac;  ie- 
mia  dci  Lincei ;  Sot'ioteGeo<iraplii(jue,  Paris;  S.  C.Geog.,  15;*- 
<lea»ix  ;  Loii«lon  Nature ;  Arademy,  Brussels;  Musenm  of  C-rn- 
parativc  ZoJ^loirv  :  Cincinnati  Ol)S(;rvatorv,  and  the  Geuloj.   \\ 
Survcv  of  ( 'anada. 

Pr*)!'.  Kotlirock  n'a«l,  by  a|>pointnicnt,  an  ubitmirv  ni>tij'»' •*'" 
^riiomiis  P.  .lanu's. 

•    Mr.  Lc-lcv  HMcj,  by  apjioiutimMit,  an  obituary  notice  of.  K : 
ward  P«"><>r. 

'riic  Hi'v.  ().  (i.  Ann's  was  rc<|ur>ttM|  lo  pn^pare  an  i.jbitiifM"^ 
notif.i'  ot"  l{;ilpli  WmMo  MnMU*s«>n. 

TiM'  •l«"ftii  of  Will.  S.  Vaux,  a!  IMiiladflphia,  Mav  i\  .ijoi 
<»•►.  \\:i-  :tnii«njiiL*»'d.  ;ind  Mr.  Law  appointed  tt.)  j>roparc  iJ: 
<fl>ituarv  notice  Ml'tlu'  d('«Ta>«'d. 

'i'lM'  cj.'Mtli   <»f  ("lias.   M.  Wlicatlt'v,  at    Plio-nixville,  Mav  ti 

;l-<'d  <')!♦,  u  :i>  ;iliin»'inr«'d. 

'i':n'  'ii'itli  '•!"  I  >r.  *  ii-'H'ire  Smith,  at  Media.  iKdawarc  Con  "• 
M.-U'-i.   M'.  1^^'^.  a-jrd  7^,  wa>  aiinoiin.-iMl,  and  1  >r.  Hrinton""'* 
:ipp<»iii:«''l  t<»  pr«*p.ii'e  MU  «'lMtuaiy  n«»tiee  of  the  dt.voased. 

,\  •' ('out i'il>utioii   to  a   moiinLTMph  <»r  the   N«)rth  AnuTioan 


him  the  communication »  description,  or  model,  except  the  officer  to  whom 
it  shall  he  entmsted  ;  nor  shall  such  officer  part  with  the  same  out  of  his 
custody,  without  a  special  order  of  the  Society  for  that  purpose. 

6.  The  Society,  having  previously  referred  the  several  communications 
from  candidates  for  the  premium,  then  depending,  to  the  consideration  of 
the  twelve  counsellors  and  other  officers  of  the  Society,  and  having  received 
their  report  thereon,  shall,  at  one  of  their  stated  meetings  in  the  month  of 
Decemher,  annually,  after  the  expiration  of  this  current  year  (of  the  time 
and  place,  together  with  the  particular  occasion  of  which  meeting  due  no- 
tice shall  be  previously  given,  by  public  advertisement)  proceed  to  final 
adjudication  of  the  said  premium  ;  and,  after  due  consideration  had,  a  vote 
shall  first  he  taken  on  this  question,  viz  :  Whether  any  of  the  communica- 
tions then  under  inspectiim  be  worthy  of  th6  proposed  premium  ?  If  this 
question  be  determined  in  the  negative,  the  whole  business  shall  be  de- 
ferred till  another  year ;  but  if  in  the  affirmative,  the  Society  sliall  proceed 
to  determine  by  ballot,  given  by  the  members  at  large,  the  discover}',  in- 
vention or  improvement  most  useful  and  worthy  ;  and  that  discovery,  in- 
vention, or  improvement  which  shall  bo  found  to  have  a  majority  of 
concurring  votes  in  its  favor  shall  be  successful  ;  and  then,  and  not  till 
then,  the  sealed  letter  accompanying  the  crowned  performance  shall  bo 
opened,  and  the  name  of  the  author  announced  as  the  person  entitled  to 
the  said  premium. 

7.  No  member  of  the  Society  who  is  a  candidate  for  the  premium  then 
depending,  or  who  hath  not  previously  declared  to  the  Society,  that  he  has 
considered  and  weighed,  according  to  the  best  of  his  judgment,  the  com- 
parative merits  of  the  several  claims  then  under  consideration,  shall  sit  in 
Judgment,  or  give  his  vote  in  awarding  the  said  premium. 

8.  A  full  account  of  the  crowned  subject  shall  be  published  by  the  So- 
ciety, as  soon  as  may  be  after  the  adjudication,  either  in  a  separate  publi- 
cation, or  in  the  next  succeeding  volume  of  their  Transactions,  or  in  both. 

9.  The  unsuccessful  performances  shall  remain  under  consideration,  and 
their  authors  be  considered  as  candidates  for  the  premium  for  five  years 
next  succeeding  the  time  of  their  presentment ;  except  such  performances 
as  their  authors  may,  in  the  meantime,  think  fit  to  withdraw.  And  the 
Society  shall  annually  publish  an  abstract  of  the  titles,  object,  or  subject 
matter  of  the  communications,  so  under  consideration  ;  such  only  excepted 
as  the  Society  shall  think  not  worthy  of  public  notice. 

10.  The  letters  containing  the  names  of  authors  whose  performances 
shall  be  rejected,  or  which  shall  be  found  unsuccessflil  after  a  trial  of  five 
years,  shall  be  burnt  before  the  Society,  without  breaking  the  seals. 

11.  In  case  there  should  be  a  failure,  in  any  year,  of  any  communication 
^^orthy  of  the  proposed  premium,  there  will  then  bo  two  premiums  to  be 
aTvarded  the  next  year.  Bat  no  accummulation  of  premiums  shall  entitle 
the  author  to  more  than  one  premium  for  any  one  discovery,  invention  or 
Improvement. 

12.  The  premium  shall  consist  of  an  oval  plate  of  solid  standard  gold  of 
the  value  of  ten  guineas.    On  one  side  thereof  shall  be  neatly  engraved  a 


short  Ljitin  motto  suited  to  \\io  oocnsion,  tojrether  with  the  words  :  •*  The 
Pn'iiiiuin  of  Jnhti  Ilvarinth  di*  ^rjiirfUnn,  of  Lonilon,  (;st:iblis&]ie<l  in  the 
yt*:ir  ITS'i ;"  and  on  the  other  side  of  the  plati»  shall  be  engnived  the.«(* 

wordrj :  "  Awarded  hv  tin*  A.  P.  S.  for  thediseoverv  of  A.  D. " 

And  the  seal  of  the  Sorii-ty  shall  he  annexe»l  to  the  me(Uil  by  ii  ribbt>u  pas«4- 
inir  throuiih  a  •-mall  h»>le  at  the  lower  edire  therenf. 

Skitfon  *2.  Tile  Mai:ell:uii<' fund  of  tw^o  humlred  guineas  shall  be  con- 
sidered a«  ten  hundred  and  tlfty  (hdlarf^.  and  shall  he.  invested  separately 
fn>m  oilier  funds  hehmt^inir  tti  or  under  the  care  t»f  the  Society,  and  a  ?o]»a- 
rate  and  diMinel  aeeount  of  ii  <;hall  he  kept  by  the  treasurer. 

The  said  fund  shall  he  ereiliti'd  with  the  sum  of  one  humlred  «b>]lars,  to 
represent  th<'  two  ])reinium<  for  which  the  S(»eiety  is  now  liable. 

The  treasurer  shall  credit  the  siid  fund  with  the  intercut  received  on  the 
investment  ther«*«)f,  and,  if  any  surplus  of  sjiid  iutcix^st  shall  remain  after 
pri)vidin'j:  for  the  premiums  which  may  then  he  dcmandable,  said  surplus 
>1ki1I  he  used  hv  the  Society  for  niakinj;  publication  of  the  terms  tif  the 
saitl  ]>remium,  and  tor  the  addition,  to  the  said  pnMniuin,  of  .such  amount 
as  tin;  Society  may  Irom  rinn*  to  time  think  suitahle,  or  fi>r  the  institution 
of  other  ])remiums. 

The  treasurer  hhall,  at  the  tirst  Mated  meeting  «>f  tlie  Society  in  ibe 
month  of  Deeemher  annually,  make  a  ret)ori  of  the  state  of  said  fund  and 
of  the  investment  thereof. 
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Extract  from  the  By-Laws. 


CHAPTER  XII. 


OF  TIIE   MAGELL\NIC   FJ.'XD. 


Section  1.  John  Hyacinth  de  Magellan,  in  Loudon,  having  in  the  year 
1780  olTored  to  the  Society,  as  a  donation,  the  8iim  of  two  hundred  guineas, 
to  be  b\'  thorn  vested  in  a  secure  and  permanent  fund,  to  tlie  end  that  the 
interest  arising  therefrom  should  be  annually  disposed  of  in  premiums,  to 
be  adjudged  by*  them  to  the  author  of  the  best  discoTery,  or  most  useful  in- 
vention, relating  to  Navigation,  Astronomy,  or  Natural  Philosophy  (mere 
natural  history  only  excepted)  ;  and  the  Society  having  ac^^epted  of  the 
above  donation,  they  hereby  publish  the  conditions,  prescribed  by  the 
donor  and  agreed  to  by  the  Society,  upon  which  the  said  annual  premiums 
will  be  awarded. 

CONDITIONS  OF   TIIK    MAOKI.L.ANIC   PREMIUM. 

1.  The  candidate  shall  send  his  discovery,  invention  or  improvement, 
addressed  to  the  President,  or  one  of  the  Vice-Presidents  of  the  Society, 
free  of  po<itage  or  other  charges ;  and  shall  distinguish  his  performance  by 
some  motto,  device,  or  other  signature,  at  his  pleasure.  Together  with 
his  discovery,  invention,  or  improvement,  he  shall  also  send  a  sealed  letter 
containing  the  same  m')tto,  device,  or  signature,  and  subscribed  with  the 
real  name  and  place  of  residence  of  the  author. 

2.  Persons  of  any  nation,  sect  or  denomination  whatever,  shall  be  ad- 
mitted as  candidates  for  this  premium. 

3.  Xo  discovery,  invention  or  improvement  shall  )te  entitled  to  this 
premium,  which  hath  bt>en  already  published,  or  for  which  the  author 
hath  been  publicly  n? warded  elsewhere. 

4.  The  candidate  shall  communicate  his  discovery,  invention  or  improve- 
ment, either  in  the  English,  French,  German,  or  Latin  language. 

5.  All  such  communications  shall  be  publicly  read  or  exhibited  to  the 
Society  at  some  stated  meeting,  not  less  than  one  month  previous  to  the 
day  of  adjudication,  and  shall  at  all  times  be  open  to  the  inspection  of 
such  members  as  shall  desire  it.     But  no  member  shall  carry  home  with 


IS&l]  ^•'•'  IWilllston. 

Syrpliivla*.  ln-I>r.  S.  W.  \Villi>i«Mi.*"'  \v:i<  proiMitO'l  tlimuL'-a  llic 
Sccn'tjM'v.  with  a  Icltcr  fn.)iii  ilu*  Mutlii'i",  UMti*(l  New  Ilavuii, 
Yule  Ci^llc'-e  Museuiii.  M:iy  1*J.  \s-^2. 

"'  Tin.'  ('lu>si!ie:itioii<»f  lli(^  I' ii'_iiil;it»:  M:iiiiiri;i!i:i  "  was  rt.';!il  l>v 
Prof.  Copi?. 


EKUATITM. 

Pftfl^e  474,  line  34,  after  Alelen,  insert  IlelictU. 

Plage  474  line  25.  omit  Utlictis. 

Page  474,  line  27;  remove  ^luropoda  and  Jlyanarctos  from  J^lhv- 
JUDiB,  and  insert  under  Uiisidjb  (line  28)  tho  names  ACIuropoda  and 
HgmnarctM, 

Page  475,  foot-note,  for  vig.  read  V'ig. 


Tlie  Syrphid;!-  form  om;  uf  ilic  mo^t  tliinculi  (;iiiiili«'«i  of  PipiiTi  to 
clu'^sitV.  Altlmiiirli  nnnposi'il  llii'mi-jlKuit  tin-  worM  nTjlumt  mii-  Inuiili'i'il 
mid  torlv  dcsrribrd  ircnora.  tlH•^'  pri'-rni  im  rli;n"Mi'irr^  tli:n  w  ill  i!rri>ivi'lv 
cli7ii1iiirui:«1i  aiiv  roii>iilcruMi'  iiuiiil'tT.  A<  :i  iKitural  ifsiilt.  iiuiiiv  i:«iM-r:i 
bavi»  lii'i-n  I'Mxi'lv  formed  aiiil  iimic  loux-lv  ilc-crilu d.  iinlil  tin- dill'u-nlrv 
fn  idcnlifyin^r  «}«-'M<'>i  withoui  \hr  ai.l  «>!"  iiMnn mu-  tyjn  >;  li;i-  Im-coiiii-  r.\ 
Ireim-ly  jrrrjit.  T\u:  pn-^Mii  pMpi.T  is  tin-  n-uli  of  many  li«'iir>  iidim!-- 
liO^or  in  ideiitifviii'Z  a  cimsidiTaltiv  lamr'  Mrtioimt  of  inatiTinl  ^vIidHv  \\\:h 
out  1  lie  aid  of  typfs.  I"*n'p;in'«l  iwo  ^^Y  tlni-i-  \f\iv<  m^m  ii  I'M"  ln-i-ii  n-. 
wriiton  and  i-liarii:i'"l  insmv  linn-  ;  iliijf  ii  i-s  iVi-<t  fruin  irmr  vfi  1  do  nni 
pn*«*imie  to  li(jp(.*.  hut  from  myi>\\!i  i-\p(:-iin<i- in  i!i«' il'l1i<iKii' -  tIrM  ani 
in«-t  with  in  workin.i:  wiili  tin-  ■.\'''\  <»r  in.  ■:<- ;i]..iic.  I  Inli.-M'  i!i:i'  i:  will 
materially  aid  in  tlic  study  (»f  mir  ^i  >  <  ii  >. 

In  Oslen  Saokon's  ciitaloirur'ot  Ain-TiiMa  Dip'iTM  -  :i  w^^vk  iii'li-iniiv:i1ilr 
to  nil  entoniolojrist'* — Ilfry^fvi-n  ;:«  in-r.i  mm-  i'i  <  ii!i1  il  :i-  li;'. »  'uj.  1mi-ii  iri-il- 
hably  recognized  from  N«»ril»  Ann-riia.     /.',■■'.;.  r-'s  i.f  A]  ; -.lULir!  I  Ir.ivr 

PICCK'.  AMKK.   IMIILOm.  m)L\   \\.    ll'.V  'J...       ri;iNll.!>    M  «   ■  -T  '•>.   l"'*^-- 


Extract  from  the  BY-LA^/7S. 


CHAPTEU  XII. 


OF  THE   MAGELL\XI<^    FUND. 


Section  1.  John  Hyacinth  de  Magellan,  in  London,  having  in  ilic  year 
1780  oflered  to  the  Society,  as  a  donation,  the  sum  of  two  hundred  guineas, 
to  be  by  thviw  vested  in  a  secure  and  pi^rnianent  fund,  to  the  end  tliat  the 
interest  arising  tlierefrom  should  be  annually  disiK>fled  of  in  premiums,  to 
be  adjudged  by  them  to  the  author  of  the  best  discovery,  or  most  useful  in- 
vention, relating  to  Navigation,  Astronomy,  orNatunil  Philosophy  (mere 
natural  history  only  excepted)  ;  and  the  Society  having  accepted  of  the 
above  donation.  the\'  herel)y  publish  the  conditions,  prescribed  by  the 
donor  and  agreed  to  by  the  Society,  upon  which  the  said  annual  premium* 
will  be  awarded. 

i(>NL)rrii>NS   OF   THE    MAJJELLANIC    PKEMIl'M. 

1.  Tin;  carnlidatr  ^Imll  soikI  his  discovery,  invention  or  improvement, 
riddrfssed  to  the  President,  or  one  of  the  Vice-Presidents  of  the  Sor'ictv, 
I'n'O  u(  piwtMge  or  nthrr  cliariies  ;  and  shall  distinguish  his  ptTfonnance  by 
somr*  in»)iio,  di'vicc,  or  other  siirnature,  at  hi**  pleasure.  Tojjotber  with 
\i\<  di^covoiy,  invntion,  or  improvement,  he  shall  also  send  a  sealed  letter 
r-ontiiinin-j;  tln^  samf  niitto,  device,  or  ^-signature,  and  sub.scribed  with  th<' 
rt-al  name  ami  plaee  of  residence  of  the  author. 

'2.  l*er><»n- ot"  Muv  ii:iti(»n.  sector  <lciiomin:ition  whatever,  shall  be  ail- 
m  it  ted  a^  tandidate<  tor  this  ]>remium. 

'\.  \o  discovery,  invention  or  impn)vcment  shall  l>e  entitled  to  thU 
premium,  whicli  hath  b.-en  already  published,  or  for  whifh  the  auth^tr 
hatli  been  pul>licly  rewarded  elsewhi're. 

\  TIm^  eanditlatc  shall  communicate  his  dis(M>very.  invention  or  improve- 
ment, either  in  the  Kn£;lish,  French,  (rcrman,  or  Latin  lanffiiasrc. 

5.  All  su<li  cnnimiinicatinns  shall  be  publicly  read  or  exhibited  to  the 
SocMty  at  some  stated  mei-ting,  not  less  than  one  uKuith  previous  t'»  ih»* 
day  <»r  adjudication,  und  shall  at  all  times  be  open  to  the  inspection  of 
"inch  momi»ers  as  'iliall  desire  it.     But  no  member  .shall  carry  home  with 


l!«2.]  ^•^•*  LWilllstoii. 

Syrpliidie,  hy  Dr.  S.  W.  "Willisttui,''  \vn«;  preseiitod  throu;^^li  tlic 
Secrotiu-y,  with  a  letter  fn>in  the  autlun*,  diited  Xew  ITiivcn, 
Yale  Cidlt'^'o  Museum,  ^lay  l*i,  IH&2. 

"  The  CI  assill  cation  of  the  [Jn-uhitc  Mauiuialia ''  was  read  bv 
Prof. 


ERRATUM. 

Page  474,  line  24,  after  Meles,  insert  HelictU. 

Piftge  474  line  25.  omit  UtlictU. 

Page  474,   line  27;  remove  ^luropodti  and   Jlyanaretos  from   iii)LU- 
Bn>^  and  insert  under  Uksidjb  (line  28)  the  names  ACluropoda  and 

Page  475,  foot-note,  for  vig.  rend  Vig. 


Tlie  Syn'hida?  form  ono  of  the  most  (lifiicult  f:miili«'<  of  l)i])trni  to 
classify.  Altlion«:^li  coni]»o>('<l  thron-jliout  the  world  (>rii1)out  om*  huiulri'd 
aii<l  forty  described  jreiK*r;i,  tliov  iMv^^i-ni  no  chanictcrs  that  will  d».'ci«<ivoly 
distiiii^uish  any  consideniblo  number.  As  u  natunil  result,  many  irencra 
liave  been  loosely  formed  and  more  loostdy  drscrilM.'d,  until  the  dillieulty 
In  itlentifyin.!:i;  species  without  the  ai«l  of  nuuHTous  tyiH's  has  heconic  ex- 
tremely great.  The  present  i)ai>er  is  the  result  of  many  hours  tedious 
lailMjr  ill  identifyinir  a  considerably  larire  artjount  t)r  material  wholly  with- 
out the  aid  of  types.  Pn.'pared  tw<)  or  Ihrer  years  airo  it  has  been  r<'- 
"wrilten  and  changed  many  times  ;  that  it  i-*  free  from  error  yet  I  do  not 
pn"<nnie  to  hope,  but  from  my  own  e.\]^eri'nee  in  ibe  ditlieulties  tiiai  are 
inert  with  in  working  with  the  aid  of  lio  )lv<  nlone.  I  iielieve  ibaf  it  will 
materially  aid  in  the  study  of  our  spi cies. 

In  Osten  Sackon's  cataloiruetd  Am«'rie;ui  Diplt'ra-  a  work  iiidi>pensable 
to  lill  entomologists — fifiy-jri-ven  nenera  an-  reeorded  as  h:ivin.2:  been  ered- 
itably  recognized  from  Xorth  Ameriia.      To.vo„nrfin  (»f  Maequart   1  have 

PKOr.  AMKU.  PiiiL().s.  soc.  x\.  H'J.  "2:..     ruiNTKi)  Ai  (;i  rsT  :|.  \^f^'2. 
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xesQBdtated,  and  liave  also  recognized  an  interesting  new  Bpedes  of  8mo 
ga$Ur  Mac.,  hitherto  known  only  Arom  South  America.  Since  the  ^bli- 
cation  of  the  catalogue  four  new  genera  have  been  described  by  K.  Bigot 
and  the  writer,  making  in  all  sixty -two  genera  nojRr  known  from  North 
America.  As  regards  the  distribution  of  these  genera  twelve  are  peca- 
liar  to  our  fauna,  viz :  Bupeodes,  Capuiylum,  Hadramifia,  EuffeiUatH^fia, 
JEurhinainallota,  Teuehoenemit,  PUraUa$te$,  PoUgdontOt  Crioprarn^  Brnrnt' 
la,  MerapioiduB,  and  Mixogaster.  The  first  four  of  these,  with  Cblo- 
bamba,  have  never  yet  been  found  in  the  Eastern  States,  while  the  fol- 
lowing are  not  yet  Icnown  west  of  the  one  hundredth  meridian, 
viz :  TriglgphuB,  Pyrophana,  Dora,  Ot^fptamui,  Bhingia^  Tiueh&enemUf 
PteraUtistes,  Senogatter,  Somtda,  TemnoBtama,  and  MUeHa,  Of  these  no 
doubt  the  distribution  will  yet  be  found  more  extensive.  Indeed  the  wide 
distribution  of  species  and  genera  of  the  family  over  our  continent  will 
not  readily  be  paralleled  by  any  other  fiimily  of  insects. 

In  the  present  paper  I  have  given  a  list  of  all  the  described  species 
,  known  west  of  the  one  hundredth  meridian.    Tliese  with  the  spc^es  de- 
scribed as  new,  reach  yet  but  eighty-six ;  of  them  fifty-four  are  known 
only  from  the  West,  wliile  thirty-two,  or  over  one-third,  are  dUitribated 
from  the  Atlantic  to  the  Pacific  regions. 

Five  genera,  of  one  or  two  species  each,  namely :  jMglyphu9,  l^n- 
phana,  Copestyhtm,  ArciophUa,  and  PUrcUlattei,  are  unknown  to  mc; 
their  systematic  positions  have  in  consequence  been  wholly  drawn  from  de- 
scriptions and  figures.  They,  together  with  such  species  as  are  unknown 
to  mc,  are  preceded  by  an  asterisk.  An  exclamation  point  indicates  that 
the  localily,  or  localities,  preceding  it  are  given  from  specimens  that  I 
have  examined.  It  has  not  been  deemed  necessary'  to  repeat  any  of  the 
bibliographical  references  or  synonomy  that  are  given  in  Osien  Sackeo*s 
catalogue,  except  such  as  will  facilitate  the  identification  of  species.  The 
specimens  which  T  have  examined  in  the  preparation  of  this  paper,  from 
"Washington  Territory.  Oregon,  and  Kern  County,  California,  were  col- 
lected by  Mr.  11.  K.  Morrison  ;  from  Mendocino  county,  California,  by 
Mr.  O.  T.  Baron,  and  Ironi  Wyoming,  Colorado,  and  Kansas,  by  Mr.  E. 
■\V.  Guild  and  myself.  The  species  that  I  have  identified,  or  do-scribod,  or 
that  have  been  previously  recorded  from  the  West,  are  printed  in  small 
capitals. 

I  desire  to  express  my  thanks  to  Mr.  W.  H.  Patton  and  Drs.  G.  H.  Horn 
and  11.  A.  Hrous.  for  kind  favors  in  the  pre]>aration  of  this  paper.  To 
Baron  C.  U.  von  Osten  Sicken,  of  Heidelberg,  I  am  much  indebted  for 

his  kindlv  interest  and  advice. 

The  following  table  of  generic  grou])s  is  based  essentially  upon  that  of 
Schiner's  in  his  Austrian  Diptcra.  It  seems  impossible  to  improve  its 
general  featuro  so  far  as  our  American  genera  are  concerned. 
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Table  of  groups  of  genera, 

J. — Small  croBB-vein  of  the  wing  distinctly  before  the  middle  of  the 

discal  cell,  usually  st might  and  rectangular.  Hind  femora  usually 
slender,  not  thickened  ;  the  third  longitudinal  vein  rarely  much  bent 
into  the  first  posterior  vein,  usually  straight  or  very  gently  curved. 

1 — AntenuiXJ  longer  than  the  head '.  .\ I. 

2 — Antenna;  as  long  or  .shorter  than  the  head. 

a — Marginal  cell  open.  /.  e.,  the  .second  longitudinal  vein  terminates 
in  the  border  of  the  wing. 
a — Face  not  tuberculatc,  nordistinctlvcarinate  ;  not  excavated  be- 
low  the  antenna*  in  profile  ;  hyperstoma  not  produced.  (Small, 

nearly  bare  species,  with  short  oval  abdomen) II. 

:ia — Face  tuberculate,  or  hyperstoma  produced. 

* — Abdomen  in  outline,  linear  or  oval,  never  narrowed  toward 
the  base,  or  club-shaped.     (Teguhe  of  usual  size.) 
t — Body  uniform  metallic  green,  or  metallic  green  and  black  ; 
abdomen  oval  or  elongate,  never  slender  ;  tVmora  not  thick- 
ened, nor  facial  tubercle  dissimilar  in  male  and  female. III. 
\\ — Black  with  luteous,  reddish  or  yellow,  when  uniformly 

black  the  hind  femora  thickened IV. 

ftt — Black  or  greenish  black,  with  yellow  or  yellowish  strii)es 
or  bands,  or  .face  more  or  less  yellow. 
i; — Face  black,  abdomen  slender,  with  yellow  or  greenish 

vellow  interruDted  cross-bands V. 

§i^ — Face   partly  or  wholly  yellow,  abdominal    markings 
yellow. 

~— Dorsum  of  thorax  with  vellow  lateral  stripes VI. 

-- — Dorsum  of  thorax  withcmt  yellow  lateral  stripes.  VII. 
** — Abdomen  cpntr.ictcd  toward  the  base,  more  or  less  clul)-sliaped 

vni. 

an — Marginal  cell  closed  and  petiolate IX. 

J  J — The  small  cross-vein  at  or  beyond  the  middle  of  the  discal  cell, 
I.  »..  the  discal  secticm  of  the  fourth  longitudinal  vein  bevond  the 
small  cross-vein,  is  but  little  longer  or  much  shorter  than  the  section 
before  it ;  small  cross-vein  nearly  always  oblicjue,  the  posterior 
femoni  frequently  thickened. 
tz — Antennie  with  a  di.«rtincfly  dorsal  bristle. 

^^ — Third  longitudinal  vein  bent  deeply  into  the  first  jiosterior  cell 

T — Marginal  cell  closed  an<l  peliolat(; X. 

yy — Marginal  cell  open XI. 

^fr^jf — Third  louLniudinal  vein  gently  curved. 
u — Arista  plumose. 

£ — Marginal  cell  closed IX. 

rr — Marsrinal  cell  open XII. 

Ai — Arista  bare  or   ])ubescent XIII. 

titj^ — Antenna'  with  a  subterminal  brisllr  or  terminal  style XIV, 


_j, — Small  cross-vein  before  the  middh*  of  the  discal  cell. 
1.   Antenna*  longer  than  the  he. id. 

^. — Scutellum  tlattened,  with  two  obtu-e  p.>ints  ;  face  evenly  roundr-d, 
pubescent,  without  tubercle  ;  eye^  >rparated  in  both  sexes,  narrowly 
in  the  male  ;  first  posterior  cell  uith  a  Ntinnp  of  a  vein  from  the  third 
longitudinal  ;  dark  or  black  specie.-,  unrelieved  i)y  light  mark- 
ings    Microdon, 
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•  MiCRODOK  sp.  noY.  r    Washington  Tenitoiy,  Califonib  I 

This  is  the  first  time  this  genus  has  been  recorded  fnHn  tlie  Ftetfe 
coast ;  eight  or  nine  species  are  known  fitom  the  eastern  part  of  the  eoi- 

tinent. 

• 

AA. — Scutellum  without  points  ;  tliird  antennal  Joint  elongate ;  fiuse  pro- 
duced downward,  obtusely  tuberculate,  yellow  with  black  maoiui 
stripe;  dorsum  oOhorax  with  lateral,  yellow,  interrupted  stripn; 
abdomen  oval,  arched,  with  yellow  bandls ;  eyes  pubesceikt. 


Tills  is  one  of  those  genera  of  Syrphids,  whose  species  are  hard  to  dSft- 
tingnish  and  require  much  material  to  satisfiM^torily  study. 

Ckrtsotoxuh  (?)  DERiYATUM  Walk.,  Washington  Territory ;  Mt.  Hoo^ 
Oregon.  Apparently  a  common  species.  The  femora  are  mostly  black, 
and  the  lateral  margins  of  the  abdomen  yellow,  otherwise  it  agrees  with 
(7.  UUerale  Lw.,  Cent,  v,  42. 

n. 

J. — Small  cross- vein  before  the  middle  of  discal  celL 
1.— >AntennaB  as  long  or  shorter  than  the  hf»ad« 
a> — ^Marginal  cell  open.  * 

a. — ^Face  without  turbercle  or  hyperstoma  not  prodooed. 

• 

B« — Abdomen  of  only  four  apparent  segments;  very  small  species 
(2-5  mm.)  black  or  greenish  black,  the  ground  color  nnrellev^  by 

lighter  spots,  stripes  or  bands ^mfl^typbos* 

. — Abdomen  of  from  five  to  seven  segments ;  third  Joint  of  antenne 

oblong. 
C. — Face  evenly  rounded,  not  at  all  projecting  in  outline  (hind  femoia 
moderately  swollen) ;  face  dark  witliout  yellow PIpi 


A  single  species  of  this  genus  is  recorded  by  Osten  Sacken  (West.  Dipt.  p. 
323)  from  Sonoma  Co.,  Cal.    In  Europe  the  si^ecies  are  very  numerous. 

CC. — "Face  slijj^htly  carinate  below,  partly  or  wholly  yellow,  eyes  pilose, 
in  life  usually  with  bright  stripes  (small,  mostly  finely  punctulate  ; 
abdouK^n  ovul,  obtusel}^  rounded  beliind,  black  or  black  and  n?d,  not 
banded) 


The  species  of  this  genus  like  the  prccedini;  are  very  difficult  to  sat> 
isfactorily  distinguish.  Tliree  species  are  recorded  from  the  Eastern 
States  and  I  have  at  least  three  more  3'et  unnamed  from  the  Pacific  re> 
gions. 

Paragus  dimidiatus  Lw.,  Cent,  iv,  63.    Western  Elansas,  ColonUio ! 

ni. 

J. — Small  cross-vein  before  the  middle  of  discal  cell. 
1. — Antenna'  as  long  or  shorter  than  the  head. 
a. — Marjrinal  cell  open, 
aa. — Face  tuberculate,  or  hyperstoma  produced. 

*. — Abdomen  oval,  never  narrowed  toward  the  base,  or  club- 
shaped, 
f. — Uniform  metallic  green,  metallic  green  and  bladk;  or 
black  species  ;  hind  femora  never  swollen. 


i 
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D. — False  vein  of  wing  usually  indistinct  or  absent ;  front  in  $,  or  face 
also  (rj^  9)  with  transverse 'wrinkles  ;  hind  border  of  scutellum  sharp  ; 
small,  oval,  metallic,  nearly  bare  species Chrysogaster. 

a. — Outer  posterior  angle  of  first  i>osterior  cell  obtuse.  ChrysogusUr. 

aa. — Outer  posterior  angle  of  first  posterior  cell  rectangular  or 

acute Orthoneura, 

The  character  given  is  that  usually  taken  as  the  distinction  between  the 
two  genera,  but  is  verj-  unreliable  and  misleading,  and,  moreover,  sepa- 
nitcs  closely  related  species  ;  the  length  of  the  antenmc  is  equally  unre- 
liable ;  I  place  all  the  species  in  Meigen's  genus.  There  are  sufllcient 
plastic  characters  to  render  the  tabulation  and  identification  of  our  species 
a  comparatively  easy  matter.  At  all  events,  it  is  evident  that  Orthoneura 
cannot  be  used  in  Locw's  or  Schiner*s  sense  even  as  a  sub-genus  for  the 
North  American  species. 

Our  species  may  be  tabulated  as  follows  : 

a. — Third  joint  of  antenna?  ovate  or  orbicular h. 

— Third  joint  of  antennie  elongate e. 

b. — Third  joint  of  antenme  ovate c. 

— Third  joint  of  antenntr  orbicular d, 

c. — Dorsum  of  thorax  opaqu(j  black  {(f) *nigrip€B. 

— Dorsum  of  thorax  not  black  opaque,  with  dark  stripes  ;  finely  punc- 

tulate  ;  tip  of  fourth  vein  bent  inwards nigrovittatus. 

fi. — Outer  posterior  angle  of  first  posterior  cell  not  obtuse latus. 

— Outer  posterior  angle  of  first  posterior  cell  obtuse vstuXatus, 

e.  — ^Tbe  ultimate  section  of  fourth  longitudinal  vein  joins  the  third  be- 
yond the  lip  of  second  vein,  the  dark  clouds  not  continuous  nor  in 
the  same  line  ;  second  joint  of  antennie  nearly  as  long  as  third  ;  eyes 
with  distinct  linear  markings  ;  posterior  borders  of  second  and  third 

abdominal  segments  brown nitidns. 

— Ultimate  segment  of  fourth  vein  joins  the  third  opposite  or  before 

tip  of  second,  abdomen  not  fasciate ./. 

y. — Cloud  from  tip  of  second  vein  continuous  or  in  same  line  with  ulti- 
mate section  of  fourth  vein  ;  eyes  with  markings  ;  second  joint  of 

antennae  nearly  as  long  as  third helhdus,  sp.  nov. 

— Second  joint  of  antenna;  considerably  shorter  than  third,  abdomen 
shining  brassy  on  the  sides,   the  disc  more  or  less  opaque  ;   eyes 

nearly  unicolorous  ;  stigma  brown g. 

fj. — Second  joint  of  antennjc  half  as  lonir  as  third  ;  the  third  joint  some- 
what narrowed  beyond  the  middle plctipcnniH. 

— Antenntu  not  longer  than  the  face,  second  joint  short. . .  .stigmatus, 

sp.  nov. 

C'lTIlVSOOASTER  STIOMATl'S,  sp.   nOV. 

r<'  V.  Antcnme  black,  not  longer  than  the  face,  first  joint  short,  second 
joint  twice  as  long,  about  one-fourth  as  long  as  third.  Face  deep  green, 
shining,  nearly  smooth,  whh  sparse  pile,  and  a  silvery  white  triangular 
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spot  on   each  side  near  tlic  v.ye  iibove ;  hyperetoma  much  project  i  ^^si^Emc. 

Frontal  tmn<]^l(?  (rj)  swoUcn,  distinclly  fossulale,  front  (Q)  wiih   a^  ■        ell 

marked  lateral  «i:roove3.     Eyes  uniform.     Tliorax  and  scutelluni  shinr^  "^nj: 

^een,  finely  piinctnlate,  with  obscure  jmIc.     Abdomen  broad,  black,  >w  itli 

short  a]>press(;d  \vhit(*  pile,  but  little  shining,  in  the  male  the  entire  mar^=-  .^sdr 

with  llie  liypopyj^ium  shiiiinj;  brassy  jrreen,  the  venter  shining  like  »"  "Who 

l)order.     Wiiijrs  fuscous.  sii;:ina  brown,  outer  anterior  angle  of  fln^l   i'*^  ^pos- 
terior cell  obtuse.     Lec:s  black.     I^ojig.  corp.  ft-7  mm.     California. 

CirUYSOO\STKU  75KI,LU1.US,   Sp.  UOT. 

cd'.     Anlenn.e  reddish-brown,   a  little  longer  than  the  fa(.^,  sec<^=-   ^  rai 
joint  a  little  shortt^r  than  third.     Face  irre<*n  black,  lii^htly  rugose,  wl  m.'nc 

pilose,  byperstDUui  moderately  produced  downward.    Frontal  triangle  C  -".^') 

not  swollen,  trout    (  .  j  with  well   marked  lateral  rugosities,  eyes  "W  -"th 

irregular  narrow  linear  markings.     Thorax  and  SK^utellum  bright  grc  wn^n, 

Reabrous,  with  four  narrow  c<>pi)ery  stripes.  Abdomen  oval,  a  little d:ir  --IB^'^t-r 
green,  more  shining  on  the  bonlers.  punctulate.  Legs  black,  base  r^^^^  ^*^ 
tips  of  all  the  libiie,  and  lirst  joints  of  tarsi  yellowish-red.  Wings  ne:a^^  J^v 
hyaline,  slij^htly  cl()ud<*d  in  the  outer  cells,  stigma  brownish,  last  secti-- 
of  fourth  vein  straijiht,  rcctan.LCular.  joining  the  third  nearly  at  light  aii^^^ 
opposite  the  lip  of  second  vein,  clouded  with  brown,  the  cloud  either 
tending  across  to  tip  of  s«  eond  vein  or  more  or  less  int.enii])ted  in  fron 
the  third.     F.ong.  corp.  (>  7  mm.,  AVashington  Territ»)r^'.  California. 

Differs  from    (\  nifnfuft  Wiud.,  whieh  it  el<»sclv  resembles,  in  its  In 
size,  the  sec(»nd  joint  of  antenna*  proportionate! v  a  little  shorter,  ami 
concavity  of  lower  part   of   fare  being  le>s.  in  the  absence  of  al>(h)iJi 
fascia*,  and  in  tin?  terminal  ion  of  the  lourih  vein. 

CnuYsooAsTKK  MoiioN  iTTATrs  Lw.,  Zeit.  f  (ies.  Naturw.  1S7G.  p.  ^   "     '"'" 
Colo.,  \Vasliin<rton  Terr.  !  Calif. 
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DD. — Face   and    front    without   tnnis\<'rs(?  ^^nnkIes:    false  vein    al"**" 
proent,  llie  fourth  vein  never  bent  inwards  toward  the  tip; 
usually     w'th    di'^tinet    tubercle,    third    jt)int    of    antenna*    n^        ^ib 
<'loniratc.     Small   or  medium  sized  species,  more  or  less  pilos^c**  *  ^a 

domen  never  slender.  Cheil*^^    "^ 

This  j^enus,  a  verv  lartre  one  in   Kuro])e,  has  hitherto  consisted  of       ^ 

seven  described  species,  none  of  them  from  west  of  the  Kockv  Mounts*  ^c 

\  -  .— -^     Oi 

1  describe  here    five   additional  ones  from  the  Western  regions,   tW^^     ^    . 

--.-    1    "^ 
them  bi'loni:lng  to  tin*  tlivi>ion  with  pilose  eyes  hitherto  nndesorib^'^-^" 

this  conntry. 

Three  or  tour  of  Dr.  f.oew's  >peeies  are  unkn')wn  tome,  hut  this  wri* 

familiarity  wiihilnr  lren■.:«^  enabh's  his  s[)ecies  to  be  placed  with  a  good  ^ 

of  eertainty  fronj  the  d<'serij)tions  alone.      In  the  idi^ntification  of  sp^ 

deseribecl  in   but  one  ^;ex.  it  should  be   remembered  that  in  the  feU* 

llie  i»ilosiiy  of  tbe  ryes  i-  less,  the  antenufc  usually  lighter  colored.  •'* 

llie  third  joint  lar«:cr. 
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yes  distinctly  pilose b» 

ves  bare c, 

liird  j*»int  of  antcnnu^  (,7')  small,  oval,  blackiRli ;  face  with  sparse 

n*j;  pile  ;  winjrs  not  li;:litLT  toward  the  base ocriiUntaliat^  sp.  nov. 

lird  joint  of  autenna^  (  V)  hir^or,  subquadrate,  reddish;  wings  lij^hter 

wanl  the  biLse lasiopftthabuus,  sp.  nov. 

^u^elUim  with  bristly  hairs  on  its  border ■ d. 

utellnni  without  bristly  hairs  on  its  border A. 

iinieri,  scutellum,  and  lower  part  of  the  face,  lutcous  :  face  strongly 

eavated  above  ;  arista  pubescent e, 

aek  shining  ;  arista  pilose  (except  in  trxMU) ./. 

11  the  femom except  the  apex  black *Uuc<rparea 

ind  femora,  except  base  and  ai>ex,  black *pallipe9, 

eirs  black,  knees,  bas(;  and  apex  of  tibia*  and  more  or  less  of  the 

rsi,  luteous g, 

ritcrior  legs  luteous.  posterior  blackish  wMth  the  base  and  apex  of 

mora  and  tibi:e  and  last  joints  of  tar^i  lutcous plumata, 

contl   and   third   segments  of   abdomen,    except    anterior  angles, 

♦aque  (rf ) tri»ti$. 

cond  and  third  segmeuts  of  abdomen  wholly  shining  ((j^) 

cyanescenB. 
bdonien  with  distinct,  entire  cross-bands,  legs,  exc(?pt  the  posterior 

mora,  red rt/jfpcs,  sp.  nov. 

bdonien  without  metallic  bands i. 

cond  and  third  segments  of  abdomen  opaque  (  f ) J. 

bdonien  wholly  shining k\ 

'gs  black iiigriptnnfs,  sp.  nov. 

'gs  lutcous,  fenu)ra  black *CifpiJlot-i. 

'gs  black coiii08(i. 

gs  in  large  pnrt  luleous purcn,  sp.  nov. 

osiA  TKisTis  Lw..  Cent,  iv,  71.  Hritish  AuK.Tica.  Thnu*  male.speci- 
t'us  from  Oregon  and  Washington  Territory  agree  so  cl()sely  with 
c  d(?scription  of  this  species,  thai  1  l)elieve  it  to  be  the  same.  I  have 
»  other  specinuMis  with  wliicb  to  compare  th(;m. 
(>si,\  (  OM(»sA  L\\.,  (.'ent.  iv,  O'i.  (.'<ilorado  I  Red  l^ivtTof  the  \orth. 
le  previous  reiuarks  will  ap[)ly  (*qually  well  to  this  species. 

rr.o^iA  ociiDEN  rAi,[>,  s]).  nov. 

-Frontal  triangle  black,  with  black  pile.  swoll(!n  with  a  depression  ; 

i.i'   black,  third  j(Mnt   xMucwlial   brownish,  nearly  orbicular,  small, 

with  scarcely  percejUiblc  jmbescencii.  Face  shining  black  with 
lutc>cent   pile,   scarcely  concave   from   base  of  antenna'   to  tij)  of 

le.  deeplv  and  short  I  v  concave  below  the  latter.  P^yes  thicklv 
lutc-ccnt  below.  fu^cou<  above.  Thorax  d(M^p  gn*en  black,  with 
or  blacki>li   pile,  intermingled  with  shorter  lutescent.     Abdomeu 

lot  at  all  slen<ler.  ileep,  somewhat  metallic  green,  shining,  pile  lutoB- 
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cent,  longer  tbaa  in  tlie  thonx,  especUUf  oo  tbe  aides  of  Uie  *am 
roents,  ibe  dorsum  In  the  middle  ne^tij  bare.    Legs  black  wIA  H 
lutescent  pile,  tibtte  reddish  at  base  and  extreme  tips.    Tegntae  light  jat- 
low,  halteres  yellow.    WlngB  smoky  brown,  dtti^er  In  tfont  uid  it  Ikt 
root.    One  specimen.    California.    Long,  corp^  11  mm. 

An  additional  species  from  California  bas  larger,  more  reddiih  mbqaid- 
imte  third  joint  of  antenntc,  arista  abort  jdloee,  no  pile  that  I  can  dif 
tingulsh  ia  the  face,  and  the  pile  of  the  body  shorter. 

Chbilobia  i^siorsTHAUfus,  sp.  noT. 

C^. — Frontal  triangle  moderately  swollen,  with  nn  impressed  longlndi- 
nal  line,  and  light  yellowish  pilo.  Anlenntn  brownish  red,  third  ^t 
rather  large,  nearly  square,  arista  bare,  black.  Face  deep  bladi,  aUntas 
with  yellowish  pubescence,  slightly  eioavated  below  the  Miteniue,  WB- 
■idenbly  produced  below  the  eyes,  a  well-marked  groove  begiiu  at  the 
base  of  the  antennie,  runs  obliquely  nntward  to  the  eye,  and  then  cnrree 
downward  near  the  eye  into  the  cheek.  Posterior  orMte  below  broafflj 
dusted  with  yellow.  Eyes  tiiickly  reddlBh-yellow  pilose.  Tbaim  meul- 
11c  green,  sliining,  thickly  covered  with  light  yellow  pOc^  on  the  plena 
bushy.  Abdomen  broad  oval,  shining  black,  with  abundant  frfla  lUw  that 
of  the  thorax.  Tegulie  light  yellow.  Legs  black  with  yellow  pile,  ftman 
.  at  the  tips,  base  and  tips  of  tibiie,  and  basal  Joints  of  ialermediate  tani, 
yellow  or  lutcoue.  Wings  subhyaline.  with  an  Indistinct  brownish  epol 
near  the  middle,  basal  part  yellowish.  Long.  corp.  10-llmm.  Four  speci- 
mens. Colorado, 

Female  specimen!*  Hint  mny  biUon«;  to  this  nprciea  from  California  ha*e 
the  i)il«  nuicli  i<lic>rti.'r  and  min'c  f^niyisli.  Tliey  are  too  badly  preserri-d, 
however,  for  me  to  iletcriiiine  wiili  any  degree  of  assurance. 

CiiKirjisiA  UUPII'KS,  s|i.  nov. 

$. — Front  and  face  shining  bl;iok.  thcfomicr  on  Ihe  sides  and  the  latter 
c:i:<:i'I>'  ""'  tiiberf^lv  lightly  coveruil  with  minute  gray  pubescence.  An- 
lennit' hlHckish,  third  .ioini  twice  as  long  us  wide,  reddish  on  the  under 
Mde,  arisia  linrc.  I'horax  nielalltc  green,  lightly  punctulate,  pile  very 
short,  whitish;  i»c'iitcltnm  with  an  Indistinct,  tmnHversc  groove.  Abdo- 
men black,  with  a  m^LiHic  rcdectlon,  smonih,  sinning,  plongste  oral,  with 
a  small  tuft,  of  whitish  ]iilc  on  tbc  side  of  the.  second  segment,  and  ven' 
sliort,  <:lsi'wlit'n' ;  w.'conil  sc^nnent  with  largi'ovul  spots  In  front,  narrowly 
sniNiriilciI :  lliini  segment  wltli  liniad  cniKs-liands  in  front,  attenunted  in 
the  midille ;  lUu  tourih  sp<!meiit  with  similiir  hut  less  attenuated  ;  the  fifth 
segment  partly  or  wholly,  hluish  frrcen.  Legs  reil,  posterior  femora  an- 
niilaU"  nnir  the  middle,  or  almost  wholly  brown  or  blackish,  terminal 
joints  of  larsi  infiisenled.  WIhks  liyaliiie,  stigma  dilutely  yellow.  Long. 
corp.  8-1)  mm.     Wiisliington  Tirritory,  (  iilirorniH.     Five  specimens. 

The  alidomen  is  iiol  siilllciently  fasciuted  to  ))lacc  It  among  the  Mrtaiur 
tom<t ;  in  everything  else  it  presents  the  diameters  of  ChtHoata. 
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CllEILOSIA  NIGllIPENNIS,  Sp.  noV. 

r5^. — Deep  black,  eyes  bare.  Frontal  triangle  and  face  shining  black, 
tlie  former  fossulate,  Ibe  latter  very  slightly  excavated  below  the  antennae. 
Antemifl?  small,  basal  joints  black,  third  joint  reddish-brown  or  brown, 
rounded.  Thorax  black,  nearly  opaque,  with  short  black  pile  above  and 
longer  on  the  pleune  and  scutellum,  the  latter  shining.  Abdomen  short, 
bnwidly  oval,  depressed,  opaque  black  with  a  bluish  cast,  pile  on  the  sides 
of  the  anterior  segments,  reddish-yellow,  anterior  angles  ot  third  and 
fourth  segments,  shining  metallic.  Tegular  ^Vith  blackish  border,  and  a 
fringe  of  black  pile.  Legs  black.  "Wings  blackish  in  front,  clearer  behind, 
veins  black.  Long.  corp.  7-8  mm.  Three  specimens  from  Mt.  Hood, 
Oregon. 

Cheilosia  parva,  sp.  nov. 

9 — Shining  greenish-black,  with  a  bnissy  reflection.  Eyes  bare.  Front 
and  face  shining,  the  former  with  short,  fuscous  pile,  the  latter  moderately 
excavated  below  the  antenme,  tubercle  broad,  obtnse.  Antennae  black, 
third  joint  oval,  somewhat  reddish  below.  Thorax  and  abdomen  with 
short,  lutescent  pile,  sparse  on  the  latter,  which  is  elongate  oval.  Legs 
luteous;  the  anterior  femom  toward  the  base,  rings  of  the  tibi>c,  and  ter- 
minal joints  of  tarsi  and  the  posterior  legs  except  the  ends  of  femora,  base 
and  tips  of  tibia?,  brown  or  blackish.  Wings  lutescent,  veins  black.  Long. 
corp.  5-6  mm.     Mt.  Hood,  Oregon. 

IV. 

^. — Small  cross-vein  before  the  middle  of  the  discal  cell. 
2. — Antenna*  shorter  than  the  head. 
aa. — Face  tuberculate  or  hyperstoma  produced. 
*. — Abdomen  linear  or  oval,  never  club-shap<;d. 

ff — Black  with  luteous.  reddish  or  yellow  ;  if  uniformly  black, 
the  hind  femora  thickened. 

Yl_ — TTyperstoma  produced  into  a  long,  slender  porrected  snout ;  femora 

slendef  (the  third  longitudinal  vein  joins  the  costa  beyond  the  tip). 

Rhingia. 

The  single  American  species  of  this  genus  li.  nasica  Say,  is  very  common 
in  the  Eastern  States,  but  I  have  never  seen  a  Rhingia  from  beyond 
the  Mississippi. 

>yn. — Face  not  produced  into  a  snout  like  hyperstoma,  femora  uu)re  or  less 
thickened. 
y. — Face  not  produced,  extending  but  little  beyond  the  eyes,  in  r^'  much 
more  tuberculate  than  in  $  ;  hind  femora  usually  with  spines  be- 
low, abdomen  oval.  Mostly  black  species  or  with  luteous  mark- 
ings at  base  of  aluioraen,  scutellum,  humeri,  cheeks,  etc 

Myiolepta. 

Four  species  have  been  described  from  Eastern  North  America,  and  the 
gen  118  19  now  recorded  for  the  first  time  from  the  West. 

PROC.  AMEB.  PHIL08.  SOC.  XX.  112.  2m.      PRINTED  AUGUST  3,   1882. 
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3lYi(>LF.rTA  vAUiPEs  Lw.,  Cont.  ix.  70.     Virji^iiiin. 

Spccinicns  very  clnscly  nllied  to  this  spcrifs,  if  not  the  sftmc,  I  have  from 
AVasliinirroii  Trrritorv  and  K«'rn  count  v.  California.  The  latfiral  iiuimns 
of  thf  ><'C"oinl  M'Linicnl  antl  basal  parts  of  all  tho  tarsi  am  hiteous.  *In  the 
inah.'  the  fariul  tubercle  is  proniincMit,  thouj^h  small. 

Myioi.ktta  in:rj.A,  -^p.  no  v. 

1. — I'lack,  sliinin;r.  Front  with  very  short  black  pile  al)Ove :  faro 
bare,  much  pniduced,  in  protile  briefly  convex  in  the  middle  of  the  c<»n- 
cavlty  between  ant(?nna'  and  t\\).  Antennal  basal  j(»ints  nearly  Mack, 
third  joint  lariT''.  orbicular,  red.  arista  black.  Thonix  with  short,  bliick 
pile,  sonu'whai  interniixed  with  y<'llowish,  lon«rer  on  the  border  <»f  the 
scutellum.  AlMlonicn  very  shining  with  short,  whitish  pile,  longer  and 
bushv  on  the  side.-  ot  the  s«'cond  seirment,  ITalteres  li;xht  velli»\v.  Lvs> 
blaek  with  black  pile.  Wini^s  smoky  or  browni>h  towanl  the  cntl 
Siii^ma  brown.  Lonir.  corp.  7-^  mm.  Three  s[»ecimens,  Wa^hinjn*'n 
Territory  ;  .Ml.  Il'»od,  Oreiron. 

FF. — l^u'c  more  or  l<'s<  ]>ri)(luce(l.  extending  considerably  below  the  ey»»f. 
Kitlirr  wlmlly  or  in  liirire  part  lut(MiUs  or  ri'ddish.  the  ari^iM  fn- 
•  piently  i'.ulM'«,eent  »)r  ]»ilose. 

G.-  -  Fare  carinjit**.  ubdonuMi  oval Brachyopa. 

Our  species  may  be  tabulated  as  follows  : 

a. — .\rista  di>lincllv  pubescent  :  lace  and  antenna'  vcllow  or  p'ljd^- 
i-h  red '■ 

—  .\  ri-ta  bale ' 

'.'.     -i  )«H-imi  nl"  alxliiMlcll  brow  M ■'7"' .'"''..   ■ 

l)«»!-uiii  <tl"  alMidiiicii   y«ll()\\  i-h  r.  <1.  with  brown  in<isurt-.  :.:"  •  "^ 

ltr<'\\  iii-li  Mif'lian  liiM- ,.■•■•■'. 

••.  —  I'acf  an»l    tioiit    br<iwiii<*li.   (bii-clv  rlctMnd    wi'b    uravi-ii  l"-"' 

alM!iiiiii;i  iii..>.il\   br.  )\vn ■  '• 

Tai  <  \«'i;««\\.  iipp<  r  j'ar!  <»t  tr.nit  (  j  l»n>wni-li-bla<k.  an''"'" 
\('l)n\\.  llilr-l  Join!  laiirr  :  alMlMiiicii  I'cddj'sh.yeriow  willi  lip'^vi'i!" 
iiii*-iir<  - nn  lit'',  ^\'- ^'"' 

r.K\Mi\<H'K  ■'   N(n\i\  (►.  S..   (at     l)i|)i.   "JIT.      Wiiiic   .Mt^.,  N.  H    '*' 
SmU'Ii;.    Mt.   IIocmI.  ( )ir::«)M  :    W'a-hiii'j'i'Mi   Tnrilory  ! 

IIk  \<  iiM>i-  \  \  \«  I  \  <).  ">      ( "aiiafli  I  <  ».  '^  i  .   Ki-ru  Co.  (  .ill  torn  i:i ' 

\  -ii. •::!'■  r-iii.ilf  -i'<i  iiii'-ii  tVom  l!i;-  !o.;ili!  \  aiiriM-- -(m-1o-»  1  v  wi'.i '^•'■■'" 

•  *  Ti 

<  )-t.  11   >.r  In'  a"-    il«-(!  iptioM   t  ll  i:     I     l«'lir\  .■  il    to    br  tin*    ^:iuir    >iuM;t-.      I'-' 

li-^x   ah'l   aii;<:iiii    ar<-.  Iio\\(\.i-.    ninii-    iciMi-li    than    browui^li.  iui '  ''' 
\siii_-  ii<   '1  iii'   li\.ii'M''    111' ■!<■  -o  tl)  III  ; h<   pisiitlini:. 

Ki:  \«  ii'i  "I*  \  ^t  I  i>i  \.  -]•.  ii')\ . 

-l-'a' <    :iii-i   '.o\M  r  |.-ir!  oi"  ir.ml    r.  il.i:<-li-v<ll.)\N .  tin'  laiti-r  I'P'jt''""- 

IM'lnr    Uiolr    lli;ill    ..././,'./;    jiMtrlllM     '.Ih'    -lllic    Colnrdr   a    liiilr    ii'.:liit''" 

•liir<l    i"iiit    \ .  I y    iai'_<.    aii-;a    I'fow  11.    \<llo\\i-h    at    tin-  ba>e.     t!\':i'  '•' 
1 1'.-  Hppti-  t\voiliii-.U  Ma*  Iv    i:ra\i-h  pollino-r       Htir-urn  (»f  tliorax  r»'''.* 


7*K?-ii2'.  1  ''09  [Williston. 

l*!**.^*^,  with  short  white  pile  and  thick  gmy  pollen,  leaving  three  darker 

«.t.  ri  i>*is».  scutellnm  red  ;  abdomen  yellow,   the  segments  witlj  niirrow  pos- 

ic- rx*  >T  brownish  lines.     Legs  reddish-yellow,   the  hind    til)i;e    somewhat 

V»r«  ^'v^-nish,  terminal  joints  of  tarsi  fuscous,  or  black,  hind  femom  a  Ihtle 

in  <^  i-=  AKs-ile.     Wings  hyaline  with  a  slightly  yellowish  tinge  ;  first  posterior 

c«-ll       "Jjfietl}'  petiolate.  the  base  of  secrond  ])osterior  cell  is  an  obtuse  angle, 

:ilM>  11 1  midway  between  the  two  preceding  species.     Long.  corp.  G-7  mm. 

Oil*  f     ?=ipecinien,  Kern  county,  California. 

G^^SI.— Face  more  produced,  obtusely  tuberculate  ;  abdomen  long  (xylo- 
—         tiform):  with   scutellar,   postalar.  dorsopleural   and  mesophniml 
bristles.     All  the  femora  thickened  and  irregularly  spinose. .... 

Eugeniamyia  Wlstn. 

Kk'"*if:niamyia   ri:fa   Wlstn..    Canada   J'ntomologist,  Vol.  xiv,  p.  80, 
C*i*llfV>rnia: 


V. 


J. 


*> 


i 


■^mall  cross-vein,  before  the  middle  of  th(!  discal  (tell. 
— Antenme  shorter  than  the  liead. 
*f.— Marginal  cell  open, 
M —  Face  tube rcu lal e . 

♦. — Abdonicn  ehmgate.  not  club-shaped. 

fif. — Bla<'k  or  greenislj-black.  with  yeUow  or  yellowish  or  fer- 
ruginous interrupted  abdominal  cross-bands. 
^.— Face  black. 

—  "Wings  not  longer  than  the  abdomen;  ocellar  tubercle  lar^e, 
prominent  ;  abdomen  (b'pn-sscd,  long,  elliptical,  sonu'what  nar- 
n^wed  at  the  base,  the  lighter  markings  ferruginous  or  orange-yel- 
low ' '  (Schiner) *Pyrophcena. 

— Wings  longer  tiian  the  abdomen  ;  ocellar  tubercle  not  unusually 
large,  abilomen  more  slender,  the  cross  bancU  yellow,  or  greenish- 
vellow. 

*^  ^terior  tibia-  and  metatarsi  of  mali;  dilated Platycheirus. 

'•--VTvriiETKrs   (ji^VDUATis    Say.     Washington    Territory,    Kern  Co., 
•*!  Ifornia  1 

'^^^nnot  distinguish  Rpecimens  from  these  localities  from  our  Eastern 
^"^  :    the  color  of  the  hind  legs  vary  much  as  they  do  in  the  Ka^t. 

■    i-ATYniKiKUs  HTrKRROitKT  s  Stacirer. 

*^  ^«Mher  si»ecies  from  Wa>hinirton  TiTritorv  does  not  differ  in  anv  note- 

^^^iv  degree  from  a  femab^  specimcm  of  htnn  rhin-ena  identified  bv  Haron 

'^^i  Sacken,  but  the  male's  tibia*  an^  not. dilated.     \  am  strouiilv  inclined 

^^-'Ueve  that  the  dilatation  is  nothing  more  than  a  specific  chanuter.  jind 

^^  ^he  name  Ph.tyrfniru.%  A\i.n\h\  be  given  up  as  misleading,  and  all  the 

VH.»ci(_.^  placed  umV'Y  MdanoHfomu.     I*.  (jtiinlrntnA,  is  variable,  and  onlv  a 

*^R*^  amount  of  material  will  settle  the  (pu'stiou  whether  they  are  a  group 

'Moscly  allied  species,  or  merely  varieties  ;  in  tlie  former  case,  the  g<.«nuH 

*  ^*^u\<\  \m  retained,  in  the  latter,  it  should  be  united  with  Mrininsimiin. 
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n. — Anterior  tibin  and  Unl  of  male  not  dilated . . 


Mst^soaTOMA  acALAHiR  Meigen  ;  Bchloer.  Faona  Anatr.  Dipt,  K 
Colomdo  I    Europe  and  North  America. 

TL 

J. — Small  croBs-veln  before  tbe  middle  of  the  dbcal  coll. 
2. — Antennie  short. 
a. — Harginal  cell  open.  , 

Ba~— Puce  tuberculBte,  hfperBtoma  not  prodaced. 

*. — Abdomen  oval  or  eluagate,  not  club-shaped.  j 

tit- — liliick  or  greonisli -black,  with  yellow  markhiga.  * 

S§-— Face  wholly  or  in  part  yellow. 

t;. — Duraum  ufihorax  with  yellow  lateral  attlpei. 

J, — Abdomen  with  seven  vlgible  segmenta,  the  hypopyginm 

I  have  numerous  specimens  of  this  genus  from  the  WeRtero  .^■-_^ 
among  which  there  ore  probably  four  or  flva  siiecici.  I  necognlac,  j^lS^ 
ever,  only  one  BpccieR,  vis  :    . 

HpKJKROPnoniA  uicrura  O.  B.,  Went  Biiil.,  380.  Califonita  1 

*  SF»y«itoi'RORiA  suLPHtnuPEB  Tliomsou,  Eugen.  Reaa,  SOI  (J 
O.  8..  I.  c,  Calif. 

JJ. — Abilnmpn  not  Kliowing  more  than   six  ttogmcnta,  hypopygiUD  si* 
iiniisuiilly  larRc. 
K. — Byes  nf  tuiile  with  an  area  oi   enlarged  fncets  above ;  abddM 
mlliiT  Klvniler.  fourth  »cgmcnl  with  yellow  median  Mripcalll 
ohlkiiic  siilu  »pots AUoii^fl   , 

•  Ai-LooiiAPTA  PttAi-TA  0.  8.,  Wcst  Dipt.,  p.  331.    PanU  Honks,  D4. 

KK. — Ey<'s  nf  u>.itc  without  arcii  of  enlarged  fiicets  (fourth  segment  cf 
III  I  lion  I  (.'II  tiisciiue). 
L.— Thi)riix  wiih  u  meilian,  dorsal,  clucrcoua  line;  ocollar tubeiclc R- 
moli^  from  vertex ;  slemler  Bpecies. 

TONOMKRrs  QBUi.sATUH  (Say).    Washington    Territory !    CalUbmih 

KiisKirn  S titles. 

.VrrtT''  grmin-nUi  Say,  Couipl.,  Wr.  ii,  80. 

Tiiiomf-rHi  notnttu  Maeq..  Dipt.  Exot.,  5  Buppl..  93. 

Mmajrnptii  geminala  Bchiner,  Novara  Exped.  O.  S.  Cat.  Dipt,  pi  VB, 
West.  Dipt.,  p.  3;MI. 
UM. — Piistorior  femora  simple  

Mksooii.^i'ta    mauqikata  (Say),    O.    S.,    Kern    Co.    CaL  t 
BtulU!",  coniiniin. 
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^Thorax  without  median  dorsul  cinereous  stripe,  ocelhir  tubercle  us 

usual ;  abdomen  more  oval. 

r. — Head  obtusely  coniciil,  front  plane,  fare  receding,  third  joint  of 

antennse  orbicular Doros. 

-Fn>ni   umn".   rounded,  face  Irss   receding,  third  joint  of  anienn.-e 
large,  elliptical Xanthogramma. 

ai Bands  of  alnlomen  entire  or  sub  int<Trupted .fdix. 

1>- Bands  of  abdomen  broadly  interrupted  : 

^Ca.  >iTIlor.RAMMA    DIVIHA,  Sp.   UOV. 

r^    ^~'  .—Face  and   cheeks  yellow,   or  reddish  yellow.     Fn>nt  metallic 
fire t.»r\fsh- black,  continued  as  a  broad  stripe  to  the  l)!ise  of  the  antenuiC, 
5«>iiio%vhat  expanded   below,  on   the  sides  yellowish.     Antenna-   black, 
»oui4.*^^'hat  reddish  below  on  the  sides  of  the  second  and  third  joint  near 
the  Yn«.se,  third  joint  oval  obtuse  as  in  fdix,  but  a  little  smaller.     Dorsum 
of  tliof^ix  deep  metallic  green  with  yrllow  lateral  stripes,  pleune  yellowish 
villi  Mrhite  pile,     ftcutellum  a  somewhat  tmnslucent  yellow,  its  base  nar- 
v^w\y  black.     Abdomen  :  first  segment  with  a  small  yellow  spot  on  each 
suio  just  under  the  halteres,  second  segment  with  an  oval  simH  on  each  side, 
^'^nie^vhat  attenuated  toward  the  middle,  third  and  fourtli  with  large  rec- 
^»^gnlar  spots,  separated  lyy  nearly  their  own  width  ;  fifth  whh  an  ante- 
rior fu»cia  narrower  in  the  middle  and  encroaching  slightly  upon  the  pre- 
^^•ning  segment.     Legs  yellow,   anterior  and  middle  femora  sometimes 
nnrrowly  brown  annulate  near  the  base.  ])osterior  legs  mostly  brownish 
<*''  ^^lac-kish,  except  the  base  of  femora  and  knees.     Wings  hyaline,  with  a 
*''^<>ky  tinge,  stigma  yellowihh.     Long.  corp.  0-1 1mm.     Kight  specimens. 
^"nshington  Territory. 

VII. 

•'•^^mall  cross-vein  before  the  middle  of  the  discal  cell. 
^- — Antenna*  short. 
". — Mapjinal  ci'll  open. 
aa. — Face  tuberculate.  hypersloma  not  produced. 
♦. — Abdomen  oval. 

+11. — Black,  or  greenish  black,  with  yellow  markings. 
J;;?- — P^'ace  wholly,  or  in  p:irt,  yellow. 

rr. — Dorsum  of  thorax  uniform,  without  lateral  stripes. 

*"  Tliirkly  pilose  si>ecies  ;  abdomiMi  quit«#  oval,  broader  beyond  th<;  mid- 
'Hf  :  face  perpendicular,  somewhat  ]»rojectinir  below  and  reaching  far 
^>u<'k  under  tli<'  eyes.  (Basal  portion  of  abdomen  yellow,  termmal 
portion  black,  wings  with  dark  spot.     A.  lurorunt) Leucozona. 

-•--i:roz<>N\  H'coKi  M  (Linnej.  Schiner — Meig.  l^eschr.  iii,  'MW  ;  Tab.  ,*>0. 
*   (>^yrpfitni)  ;  Mt.  Hood,  (>regi>n  I     Eiiroi)e  ;  North  America. 

' — llather  bare  sp<*cies  ;  abdomen  with  yellow    bands,    either  all   <'n- 
tire.  or  one  or  all  interrupted. 
^. — Ky«'s  of  mile  with  an  art-a  of  enlarged  tacets  above  :  front  very 
convex  ;  hypopygium  very  .-mail Catabomba. 

^"AiiOMUA  rYKASTKi  (Llnue),  ().  S.  Meig.,  System  Besehr.  iii  (Si/r- 


WlllisLon.l  '-^^^  l-Mayl!*. 

phuH.)    Europe  and  Western  America.     Very  abundant  in  the  Pacific re- 
jjiious. 

PP. — Kves  of  male  "without  area  of  enlanred  facets  above;  front maVr- 

atfly  eonv«.'x  ;  liy])opyirium  not  very  small. 

Q. — Sixili  abdominal  seirment  i>f  mab'  as  long  as  two  i>reeedin<;  toiii'ther. 
but  narrower,  sonu'wbat  tubular,  unsymnu'trieal  :  on  undersi'U'  «'f 
seventh  seu:mcnt  two  long  linear  sub-paralh?l  appendages,  urcuau*. 
bidmticulaie  at  end,  embedded  in  grooviis  when  at  rest.  In  llic  fr 
mab;  tifth  segment  half  as  long  as  preceding.  Seutelluin  mnHi 
raised,  ex])()slng  mctauotum Eupeodes. 

KvrEODKs  vDLrcjii.s  O.  8.,  West  Dipt.,  :^2y.     Washington  Torrilon-. 
Kern  county,  California.  I    Nevada,  Utah,  Cob^nido,  common. 

QQ. — Ilypopygium   without    slender  appendages  sixth  .segment  of  male 

not  pcciilirir ;   tifih  segnu'ut  of  female  <me-third  or  one  fuiirth  a" 

long  as  precdlini;. 

R. — 'I'liiiil  loniritudinal  vein  with  a  distinct  sinuosity;  ihinl  joint i-f 

antenna*  elongate-oval Didea. 

Table  of  Sj)eele>  : 
(t. — Third  joint  of  antenna*   obtusely  point(»d  ;   third  Ion gitudinsd  vein, 
with  a  e(>nsideral)le  sinuositv.     Abdominal  cross-baud  of  sei*on(Un'l 
tliinl   abdominal  segments  broader  towards,  but  not  quite  reaching. 

the  lateral  ma  ruin fusnjiit. 

(Kt. — Third  joint  of  antennie   m<u'e   ev(Milv  oval;  the   third   londludinJ 

vein  b'>"^  >;iMUoiis  ; 
A.  — Ab<l<>nni,:il   ci-o^^-lKind-i  iith'miated  at  outer  euils.   ami    u^^uallv  q'.v"''- 
iii<ct iiij  ilic  l.i-cr:i]  iMiii'Liin^  : 
DiDKA    i.AXA   OS..   Cat.    Dipt.   -^l.").      White  .Mis.:   Ml.    Hood,  <»reu^'!' 
\V;i<hiiiL:tnii  Terr.  ! 

Iih.-    .\l).li>iniii:il  (Tm-s  ]):iiid>  nearly  oI)>oleir  : 
■'  Dun  \  AM  inn  i.. 

S/rpf>".s    J'' '■/'■'.    W.ilki-r.    lJ>t,   etc..    iii  ]>.   .'):'.).     Ilud-iui  \hy  'V''' 
OsKn  S:i.  U<ij  C.it.  Dipt.,  'Jd  IM..  i>.  ',M  1.  iioi«- '2(»."i. 

A    -injic     -)>'  fillifli     tVclU     Mi.    II 1.    ()r«<j-nii.   I'esenibles    If.litff'     ^■'■ 

iMlH-h.    I'ii:   ;|ic  two  -iiinll  i>\;il  vcljow    -pot-;  of  ih'*  >r."Oi;d  Neiiinrli'.   "  •''  ' 
iiniiiiii'j  >-L:n'  ii'-  Imjuj  d:ii'k  inct.il-ii-  L:r'-<:i  with  an  op:iip.i<'.  M;n  k    '    '" 
liidiiiiil   liiK*.  -'.  cm  io  iiid'f-il'- ;i  (r^fiiifi   -^pccir-.  :md  app-in-iniy  W  ■*•■"''■ ' 
.1 '•/'//., .     Tin-   •.■'•iiciic    (.ille'rciii-i'-  1)1'  hii'h    tlii'-i'  spi-eie>.   ho\\«.'V«T.  ■■'''='' 
v(»iiif  .--pi'iic^  of  >//;-^(//'  f.'..'/..    ■^.   '■ii'ii'i-.  'i'"s),  arc  I'rt'hle. 

RR.     Thiid    i-':r_'-"i«liM:il    \(\\[   •-ira''^]it   or  ir'-iilly  curved:  third  i'*'"  i' 
Mi:-"nii  I  -li"i-;  o^  al * Syipho*- 

Tlii>  'J' :ii'i-   r'.ppi'.iiv  to   !,■■   a    ]ii"'.>!uiicnt   oii<'    in    the   We^fcrn   ri-'i»'i-'- 
ni:ni\'  ol  :1'.  '  K. '.-■'■:  !i  -p'-.  j.-.;  app-.i:'.  '\.i\>\  o'  h- r»  h  «\  c  strofi  j,-  i-c-^cnMi'i"'* 
Two    -p.-',-,   w  Ir.  h    |»ri-'!i    w  -ll    ui  ::'lM-d  rh  ir:ictcr-.  I  ilc-crih-    .i-r-'^- 
'I'ie-  lollow  in-j;   t.i!'!'-  co;ii.i;;i-.   w  it  h  '  hf  <'\i  ■piioii  ot   ih'ntifli  'tn^.    fi.*-'' 
and  fiiiiilin  niiin,  all  oi'thc  known  <|»ceic-  north  ol  .Mexico.     It  is  e*tni;>"!".d 


1S.*-C1»«J  *il^  [WllllsK.ii. 

*>P  t  he  two  tables  given  by  Osten  Sackon  (Proc.  Bost.  Soc.  X.  II.,  1875, 
I>-  X  :V^.  and  Wost.  Dipt.,  j).  325),  united,  with  tlic  addition  ot  tlic  species 
lit.^  x-^m  dei^cribed. 

Sykimius. 

*^- Second  and  third  cross  bands  ofabdoni^'n  never  interrupted h, 

^Three  principal  cross-bands  broadly  interrupted /. 

^- ^Pirst  cross-band  broadly  and  distinctly  interrupted  in  both  sexes. ..  .r. 

-First  cross-band  narrowly  interrupted  in  the  male  ;  not  interrui)ted  in 

th(i  female //. 

Abdomen  elongated,  narrrow,  linear dicersipts. 

-Abdomen  oval d. 


«r . 


*'-  Femoni  black  at  the  base e. 

Femoni  yellow  at  the  base rifntn'i  v ,  protritun. 

^ ^  Abdominal  cross-bands  do  not  reach  the  lateral  maririns *. .//. 

Abdominal  cross-bands  reach  quite  ih<^  lateral  marjiins ./. 

y-    • Eyes  pubescent iorru8. 

Eyes  glabrous ribftdi  .-J*. 

S/'  Cross  bands  attenuated  on  the  sides oplnntor. 

• C'ro.ss-bands  reach  the  sides  in  nearly  their  full  width  ;  not  attenuated 

near  the  ends Ltam  urii. 

^ Face  yellow ahhnrintm*. 

• Pace  with  brown  stripe amrn'ramm. 

*^ ^  Abdi)men  chmgated,  narrow,  linear /. 

Alnhmien  oval /. 

-^  ■ ■  Kyes  pubfseent rclitfi/ntH.  sp.  nov. 

Kyes  <:;labrous /.\ 

-Vntenme  inserted  on  yellow  frronnd unthdhitarnm. 

—  -Vntenna*  inserted  on  black  ground (jtiiicuhitmf. 

' — Kyes  i>ub(fscent ///. 

■  tves  i^labrous it. 

'^*  •         Abd<uninal  spots  straight //. 

~ Abdominal  spots  coarctatc  in  the  inidille,  sometimes  ])roken  in  two  ; 

4-  •  11  1  1      1    .      .1  -111  ^  tiiHiiJopin. 

lace  conspicuouslv  brown  or  black  m  the  middle \  .  . 

(  t.itrndtnu. 

* '       *Kaci'  vtrllow  :  third  lon«'itudinal  vein  straiirht ronhamix. 

"■^     Facial  stripe  and  front  black ri  hitiuus,  sp.  nov. 

*       ■  Abilominal  spots  lunate,  face  with  ]>lack  on  the  tul»erclc  .  .h'jijtonirKM. 

' — Abdominal  si)Ots  stniight,  face  without  black. . .  .disjnm'(ui<,  >p.  nov. 

^ViiPHi  s  LAiToxicrs  Zett.,  l)ij)l.,  Scand    ii.  701.  W     Wyoming  'i'crr.. 

,   •*'>>;!<,  Orejion,  Southern  (.'alilornia.  New  ICnirlaiid  !  (rreeuland.  Kun)pe. 

'■  ***'''iniens  taki-n  in  ('onnr'cticut.  laic  in  ()<'l(>b('r,  ha\e  the  siniin-jtv  of  the 

■•"^l    vein    a*'  strtmirlv  marked  as  in  anv  Western  ones.     The  species  is 

'*-K->;pread  and  common. 

^V  Hi'iirs  OPINATOK  O.  S.,  West.  Dipt.,  :V27,  Oregon,  Washington  Terr., 


I, 
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GaliforDiB  t    Apparantlj  a  common  apodes.  it!!  tw 
In  mr  collection. 

Btrfhus  ribbsii  LtDn§,  O.  S.,  Pt.  Bos.  boc  f««i.  HM.,  1074,  in. 
Oregon,  Califoruia,  New  England  t  Europe.  Hale  apecimnu  with  tkt 
baeal  portion  of  the  femora  black,  agree  quite  wi^  Eaatem  spedmeni. 

•STBPHt'fl  FBOTRiTUB  O.  8.,  West.  Dipt.,  828  Marlon  Co.,  CalUbnii. 
Unknown  to  me. 

SrBPUur  Lesububii  Hacq.,  0.  S.,  Pr.  Boa.  Soc  Nat  HUt,  IBTB,  Ut. 
Waehington  Terr.  I  A  single  specimen  agrees  closelj  wltb  thOM  fnm 
New  England. 

*SiBPHD8  ISTAUDENB  0.  B.,  Weel.  Dipt,  826.  Calitbrala.  UnluowDto 
me. 

STRPHHSAMBBicAnusWeid.,  0.  8.,Pr.  Boa.  Soc.  Nat  HUL  1873,  jkltL 

Pemale  apedmens  agree  quite  with  New  England  ones,  and  I  Iiare  link 
tlonbt  of  their  identity.    Calif.,  Oregon  I 

*Sybp«us  ruxiFENHiB  ThomaoD,  Eugenles  Besa,  490,  Caliramia. 

StRFHCS  VBLUTISDIl,  Sp.  HOT, 

1^  9 . — Eyes  dlBtincllj  pubescent.    Face  obscurely  jellow,  witli  a  brad 
median  black  stripe,  extending  to  the  oral  margin  ;  antennat  deep  bb^ 
Frontal  triangle  bntssy  black,  extending  to  the  base  of  the  antennak  FiMl 
'($)  black,  brassy  in  the  middle.    Thorai  greenish -black,  wtih  a  matsIDe    . 
lualre.  and  rather  abundant  rufous  pile,  pleura  white  poilitioM,  Uta  pfia    .' 
more  whitLsh.     Bcutellum  black  in  the  basal  part,  anbtranslucent  jeliow-    j 
ish  At  the  mai^in.    Abdomen  long   (aliaped  nearly  like  nugeMrv)    \ 
nciirly  paniUcI  ou  the  Hides  towanls  the  enil  df  tlie  fourth  segment;  tW 
eiilor  ii|mque  bliU'k   vrLrli  short   bhick   pile   tind   thrci;  tntemiptcd  ci 
1iiiuil!> ;  lU(^  firiit  piilr  uf  Kjints  in  tlie  sccr>nd  segment,  broad,  nearly  sqwrc. 
si!|);ir»1t;d  l)y  Usa  Ihnn  bulf  thclF  widtli,  whitish -yellow,  second  anil  lliM 
imir4  niirron-.  rerLin<;ulur,  snparati'd  by  abmit   their  own  width.  Dot  it- 
Ictiuuleil  bi'l^ru  tlic  Uttnil  m.irglns.  bluish -white.     Legs  black,  t 
liiilf  of  imteriiir  mill  middle  fetnoni,  auicrior  and  middle  tilnte,  tvtft 
I'mwiiish    rinf!s    l)e5-onil   llie   miilille.    yelliiw.     Wiuifs    hyaline,  bu'jw 
bniwn.     Li)ng.  corp.  11-12  mm.     Two  simci mens.     Mt.  Hood,  Oitgon. 


HVKi 


sp.  : 


fj". — Ky<',*  bare.    Krontul  iriungic  blHckisli,  with  a  btnssy  refl* 
fare  ri-dilisii- yellow  with  a  liluiiih  reHuction.  without  any  stripe  or  b| 
■  he  luliercli',   eboi-ks  black,  tlie  or.il  border  behind,  yellow.    AnlfM*   j 
liniwnitli -black,  ibu  bas:il  half  of  third  Joint  yellowish-red.    Tboru  " 
tallic  uri-eii    black,  with  Hhim  rc(l<lis1i  pile,  longer  on  the  KUtdin 
HRiiielluni  bluislt  npaleseent,  blaek  at  tlic  base.    Abdomen  biid^,  **    . 
three  (rairs  of  bri;;lit  yellow  s|Mits.  the  flrsl  pair  small  oval,  seconil  "*  I 
thini  jKtlrs  nearly  miiinrc.  rather  broader  on  the  outer  sides.  sepaiaW**^  J 
U  very  ill)>ltn(tt  black  spiicc  fn)TU  the  Uleml  margins,  fifth  cegmenW**  | 
anieriiir  ciirnen,  yellow.    I.e^s  soniid  yellow,  aulcrior  and  middle  W" 
toward  tlie  base,  and  posterior  legs  except  more  or  less  of  the  Upafli^ 


J  «il^  fWilliston. 


f^rM  cltmsc  of  tibine  brown  or  brownisli-bliick.  Wings  tinjrod  with  brownish, 
*'*<-^  stii^ma  diirker,  third  h>ni5itudinjil  vein  very  slightly  curved.  Long. 
^■*  ^  '"P-  *«)-lp  mm.     Four  specimens.    Washington  Ter.. 

VIII. 

■Small  cross-vein  before  the  middle  of  the  discal  cell. 
5.— Antenna*  short. 
(/. — Maminal  ctdl  oj>en. 
aa. — Fare  tubercuhite  or  hyperstoma  produce<l. 

**. — Abdomen  contracted  toward  the  base,  more  or  less  cllib- 
shaped. 

•. — Posterior  femora  slender  ;  winces  usually  with  brown  ;  face  tubercu- 
late  ;  hyperstoma  retreating  ;  lonj^er,  more  slender  specie*? 

BRchsL  (Oct/ptamuH). 


he  differences  between  these  two  genera  I  cannot  satisfactorily  make 
^"*^*  t"  .      I  have  two  species  of  B(H'ha  from  California,  both  of  which  seem 
*^  ■  tTorent  from  : 

"^  ri.vciiA  LEMUR  O.  S.,  West  Dipt.,  ?A\.     Cal.,  Xew  ^lexico  and  : 

"^liACiiA  ANorsTA  O.  S.,  Wcst  Dipt.,  oo2,  California. 

^S- — ^Posterior  femora  swollen  ;  hyperstoma  produce<l ;. short,  small  spe- 
cies. 
^. — Hyperstoma  produced  anteriorly,  in  protile  deeply  concave  from 
antenn.'p   to   tip;    third    joint   of  antenna*    nearly  orbicular;  the 
fourth  longitudinal  vein  joins  the  t^iird  in  a  right  or  acute  angle. . 

Sphegina. 

Tliree  species  from  Washington  Territory  and  Oregon  correspond  ]iretty 
''^^-ll  ^ilh  S.  LOHATA  Lw.,  S.  iNKrs<AT\  Lw.  an<l  S.  nrFivKNTUis  Lw., 
'»ut  in  the  absence  of  better  material  in  this  genus,  I  will  not  venture  to 
^lo scribe  them. 

'*•'*•'■• — Hyperstoma  produced  more  downward,  in  profd*'  very  slightly  con- 
cave from  antenna*  to  tip.  the  fourth  longitmlinal  vein  joins  llui 
third  in  nearly  a  right  or  ohtuse  angle Ascia. 

-V«riA  METALLIC.^,  Sp.   UOV. 

''.'^  i'. — Front  and  face  metallic*  bronze  blaek,  shining,  the  latter  white 

P'^Miucim..     Antenna*  black,  third  joint    brownish  bla<"k  below,  near  the 

*****o  H'd.     Thorax  metjillic-green  black,  1in(*ly  punotunul.     Abdomen  like 

^^•-'    thorax,  the  third  segment,  in  the  female,  with  two,  small  or  indis- 

"^'^t,  s|>ots  near  the  front ;  in  tht;  male  the  front  half  «*xcej)t  the  angles  red. 

'^^K  with  the  anterior  and  middh*  femora,  except  the  base  and  en«ls,  the 


*-»Ol 


***^'^t<»rior  r«)xtr,   femora,  except  the  basal  foiirth,  tibia*,  except  the   ba-al 
'^^•"tl  and  tips,  and  the  posterior  metatarsi  black,  othr'r  parts  light  yellow. 
*^'.^  hyaline.     Long.  corp.  4-5  mm. 
*  Uree  Hpccimens.  Mt.  Hood,  Oregon. 
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The  black  of  the  legs,  in  one  specimen,  includes  a  larger  part,  with  s 
portion  of  the  anterior  and  middle  tarsi. 


J. — Small  cross-vein  before  the  middle  of  discal  cell. 
2. — Antennie  shorter  than  the  head. 
aa. — Marginal  cell  closed  and  petiolate. 

U. — Second  and  third  joints  of  antenntu  elongate  ;  arista  very  densel. 
plumose,  appearing  like  a  solid  mass. . .   *Cope8tyli 

*  C0PE8TYHJM  MAH(vrNATUM  (Say),  O.  S.     Say,  Compl.    Wr.  ii,  3i 
{Volucella).     Mexico,  Texas. 

UU. — Third   joint  of    antenna;  elongate ;    arista    feathery 

t  Volncella, 
Pl""""^" ixemnoc 

*  YoLUCELLA  AviDA  O.  S.,  Wcst  Dipt,  333.     CalifoAia.     Mexico. 
VoLUCELLA  sATi'R  O.  S.,  1.  c,  Colorado.     Utah  I 

VoLucELiiA    F  ASCI  ATA    Macq.,    Dipt    E.xd.,   ii.   2,   31,   1.      Weste 
Kansas  !    Texas,  Colorado.  ^lexico. 

VOLUCKLLA  FACIALIS,  Sp.  nOV.  ^ 

(^9"  Closely  related  to   F.  evecta  "Walk.,  but  differs  in  the  face  bei 
quite  yellow,  with  yellow  pile,  and  the  dorsum  of  thorax  and  pleune 
ing  covered  with  black  pile. 

Face  yellow,  yellow  pilose,  cheeks  black,  shining,  bare.  Antennr: 
first  two  joints  brownish-black,  third  joint  red,  or  reddish-brown,  aris- 
darker,  black  plumose.  Front  in  female  yellow,  darker  at  the  vert 
yellow  pilose;  frontal  triangle  (J^)  black,  or  brown  with  shorter  yell 
pile,  vertex  with  tuft  of  long  yellow  pile.  Thorax  black,  shining,  the  d 
sum  broadly  black  pilose,  in  front  and  behind  and  on  the  sides  w 
longer  yellow  pile,  ploune  with  black  pile.  Abdomen  black,  shini 
second  segment  except  the  middle  third  or  half,  and  narrow  jMjster 
border,  light  yellow,  the  narrow  jmsterior  part  of  third,  the  fourth  a 
fifth  segments  conspicuously  red  pilose,  other  parts  of  abdomen  w 
shorter  blaclt  pile.  I^egs  black,  black  pilose,  basal  portion  of  tibuv 
all  the  tarsi  dark  red.  Wings  hyaline,  the  veins  with  brown  clouds 
brown  spot  opposite  the  small  cross-vein.  Long.  corp.  14-15  mm.  Th 
specimens.     California. 

The  ])oaterior  ])art  of  the  abdomen  in  V.  eterta  is  usually  black  pil 
without  any  trace  of  the  red,  but  rarely  in  some  specimens  the  abdo 
is  marked  precisely  like  facialis,  and  hence  it  is  quite  probable  1 
specimens  of  the  California  species  may  sometimes  lack  the  rufous  p 
The  black  pile  of  the  thorax  will  at  once  distinguish  the  species 
variety  if  it  should  prove  to  be  such,  as  in  a  large  number  of  specimen 
ececia  I  diave  never  found  any  with  such  thoracic  pile.  However, 
regards  its  specific  distinction,  see  Eristalis  flaripes  melanastomu$  Lw. 
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Iilc  genus  Temnocera  is  an  unsatisfacton'- one,  and  I  bolicvo  oujjjlit  to 
bo  «-i  i  a.  ppresseil.     The  ch:ir.icters  relied  upon  are  the  more  slender  third 
joi  II.  t..    of  antenna*,  and  the  presimce  of  bristles  on  the  seutelliini. 
1     •  1  <)  not  know  either  of  the  following;  species  : 

KMNOCKii.v  SKTIGKRA  O.  S-,  West  Dipt.,  834,  New  Mexico. 
*:mxockra  mkoackpiiala  Lw.,  Centur.  15,  57.     California. 

X. 

-1— 1-- Tlie  small  cross-vein  at  or  bevond  the  middle  of  the  dlseal  cell, 

oldique. 

a. — Antenna'  with  a  distinctlv  dorsal  bristle. 
j5. — Third  lonj;itudinal  vein  deeply  simioiis. 
y, — Marginal  cell  closed  Jind  petiolate. 

"V*. Thorax  never  with  yellow  s])ots  ;  wings  hyaline  or  with  a  dark  spot  ; 

fzice  obtu^^el V  tuberculate Eriatalis. 

l^ipjlitecn  species  of  Eristalis  are  recognized  by  l^aron  Osten  Sacken  as 

li:ivinir  been  described  from  America,  north  of  Mexico.     More  than  twice 

•'^•^    many  names  have  b<*en  given,  chiefh'  by  Walker  and  Mac([uart,  but 

tUt*  fiicilitii'S  enjoyed  by  Osten  Sacken,  together  with  his  well-known  ac- 

^'^irary  and  faithfulness,  render  it  unnecessary  to  any  further  discuss  the 

^lost  of  them  at  present. 

^ince  the  publication  of  this  catalogue  two  speci<'s  have  been  ])ubli^hed 
^»y  Uigot  in  tiie  Antitths  dcH  Soc.  Eut.  dr  Fnutcr,  ISSO,  'Jl()-217.  /•;.  jjifrcris 
^^  Jiiveii  below  in  part ;  A'.  zomitttH  —~  E.  tntn.snritnf  Wied. 

I  have  en<leavored  to  tabulate  below  all  of  the  species  known  to  me,  and 

•B 

"•^'^'<*  added  tiie  diagnoses,  or  descriptions,  of  all  the  n-maining,  with  the 

•^^»«Vitii)ii  of  what   T   id<.*ntify  as  E.    Mrif/mii  Wi<'d.,    a   South    American 

^iH'r'irs  =z /i.  tinth'nduH  O.  S.   Cnon  Walker,   undeserilx'd,   see  catalogue, 

'*■**•  ).  together  with  two  new  ones.  The  genu-t  thouirh  lar^^e,  an<lesj)eeially 

'  '"^''Inminatintr  in  America,  is  readilv  dftnu'd,  showinsr  comp:irativelv  lit- 

'*^  i^triictuml  variation.     Tiie  eves  ;ire  eontiguous.  or  sub-contiguous,  usu- 
•ill. 

*y  lulose,  although  in  some  species,  n^fin'tx,  occupying  only  a  sp(^t  in  the 

*'ltlle :  in  trntiin  they  are  nearly  bare,  being  sparsely  pilose  near  the  to]). 

.    '*^*  thinl  joint  of  the  antenna*  i^  sub-«iuadrale.  thus  at  once  di-«tinguishing 

^''oni  VoluctUa  {iw(\   Tt  //H'orrrttj     Thi*  face  is  never  produced,  iu  nearlv 

'  'if  the  species  with  a  not  very  prominrnt  tubercle,  with  a  nurdian  stripe 

*^^l  eheeks  black,  bare,  and  ^shining.     From  Mih'nl'i  and  Ptemptihi  it  may 

"^<\ilv  be  distinguished  bv  the  absence  of  di-Ntinct  vellow  spots  or  strip«'S 

^    ^lie  dorsum  of  the  thor.ix.  which  is.  howe\er.  sometimes  distinctlv  fas- 

'^le  or  vittate  with  dull  grav  or  olivaceous  ;  fiDui  the  latter  irenu-*  aNo  bv 

'*  absence  of  pubescence  (ui  the  wing,  tliougli.  indeed,  this  charaiter  is 

-     ^*>~  ndative.     There  is  a  tendency  to  dillerences  of  coloration  and  mark- 

^>*  between  the  nnile  and  female.  somciiuu»s  so  striking  as  to  cause  one 

Uoubt  their  relationship.     Such   dilb-rences   may   consi^^t  in  tin?   ab- 

^<^'e  of  yellow  ujwn  the  abdomen,  or  in  tin*  presence  of  stripi's  of  the 
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thorax.  The  wings  show  scarcely  any  variation  ;  the  third  longitudinalis 
deeply  bent  into  the  first  posterior  cell,  and  the  marginal  cell  is  c1o«m1. 
the  latter  character  sepaniting  it  from  all  other  North  American  genera 
except  the  ones  previously  mentioned. 

EmSTALIS. 

1. — Arista  naked  or  indistinctly  pubescent 2. 

— Arista  pilose  or  distinctly  pubescent  (near the  basc'i •'^• 

2. — Scutellum  of  the  same  color  as  thorax,  abdomen  without  light  mark- 
ings, shining,  eyes  nearly  bare,  spotted  in  life,  dorsum  of  thorax  in 

female  distinctly  vittate trnm. 

— Scutellum  yellowish  translucent,  lighter  than  the  thorax  ;  abdomen 
unicolorous,  shining  blackish,  with  indistinct  or  subobsoleie  sitlf 
spots  on  second  segment,  pile  of  eye  mostly  confined  to  an  elongated 

vertical  elliptical  line.    Size  and  appearanceof  a  honey-bee /<rnrf/. 

o. — ^Thorax  with  thick  or  long  pile,  i)ost(;nor  border  of  thinl  segment  not 

velvet}'  black,  wings  mostly  with  a  brown  spot •!. 

— Thonvx  and  abdomen  nearly  bare,  or  with  short,  not  wooly  pile,  tlic 
abdominal    segments    usually    with    lighter    hind     borders.     Le>s 

BonihuM-Wka ^• 

4. — Tarsi  red.  large*  species  ;  humble  be(^-like •">• 

— Tarsi  dark,  smaller  species fi- 

5. — Thorax  wholly  yellow  pilose  above flanpff- 

— Thorax  with  black  pile  in  the  middle  when  seen  from  the 'side 

jJtiriprft  vur.  mt'hntnitfnmnr. 

(}. — Abdomen  with  vrllow  or  reddish  in\  the  si<l('s  of  the  second  >."iin"n' 

only,  thickly  ni(»slly  hlin'k  pilo^^e  (dsewlicre.  posterior  half  of  tliin'. 

and  the  fourth  st'iinient  shininir  ;  le»r>  black li,'»!iiin,. 

— Third  seiruient  with  ycdlow  or  red,  tiie  jiile  of  the  abdomen  :iliin»** 

wholly  yellowish,  and  long * 

7.-   Ahdonien    mostly  reddisli-ycUow  with  a  nearly  equal  median  Ma-k 
stripe  :  vyi'^  bartdy  meeting  in  the  n\ale  ;  legs  h\;\ck.ino/tttiiri.s.  >p.  U"^ 
---Third  segment  with  a  smaller  re<ldi>h-yellow  <pot  in  the  side,  -i'l'"*!- 1 
•-e;j:in('nt   velvety  black,  third  with  a  triangular  velvety  (»xpan^i<'M  ■." 

front oi'i'iifi ntnU^,  sp  n-'^ • 

S.    -Tliird  Mhdominal  seixnicnt  with  a  T>o«^fcrior  velvet v  bla<'k   ero<«i-hi!i  1 

/////  iiit,  rriipt,  J  ill  the  middle •• 

—  Third  ahdoniinal  ^cirmeni  with  a  di>tinctly  interrupted  band,  or*!*' 
wholly -^liiiiing.     Not  wirh  a  coinplete  band I'- 
ll.— Tlioiax  with  iran>v«rsc  oli\aceoiis  fascia',  front  narrow  abovi*  (     ).l'^. 

-  Thorax  without  >iich  fa-^cia- W 

1().  Hind  femora  not  swollen,  -^ceoml  scirinent  of  abdomen  witii  lar«" 
spot<.  third  si'i^nuMit  in  the  male,  with  anterior  rectang\ilar  •ii"'*^ 
wanting  in  tin!  fem:«le.  and  hind  borders  o|  second,  third  \\\\\\  t'e'irtli 
^egment^  vellow.  Lei]^<  varviiiL'  from  almost  whollv  yellow  wi'li 
black  on  tii)sof  ]nn«l  femora  and  tihl:e.  to  black  with  vellow  knee-... 
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Hind  femora  distinctly  swollen,  bands  of  thorax  eonspicuons,  tliird 

Mrjruient  of  abdomen  in  female  often  with  red  or  yellow  side  spots, 
otherwise  resembling  the  previous  species  very  much,   and  like  it 

quite  variable ruietorum. 

1  1 Third  segment  of  abdomen  broadly  and  C(m8i)icuously  yellow',  joining 

the  yellow  of  the  second  segment  in  front,  the  velvety  fascia  of  third 
sjegment  abbreviated  on  the  sides  ;  thorax  with  indistinct  stripes  ;  eyes 

of  male  touching  each  other  very  slightly fMeigenU  Wied. 

T'hird  segment  of  abdomen  without  j'cllow,  eyes  of  male  broadly  con- 
tiguous  12 

^"^  . Front  of  female  narrow.  Deep  bluish-black,  scutellum  scarcely  dif- 
ferent, the  abdomen  with  dull  or  obsolete  triangular  spots,  the  hind 
l)onlerH  of  the  segments  indistinct  or  al)scnt,  conicial  ;  tips  of  femora, 
the  posterior  at  the  base  esi>ecially  in  the  temale,  basal  half  of  tibiju, 
and  more  or  less  of  basal  joints   of  anterior  and  middle  tarsi,  light 

yellow.     Wings  with  a  dark  spot saxorum. 

' — P^ront  of  female  broad.  Lighter  markings  of  abdomen  (the  lateral  tri- 
angles and  posterior  borders)  usually-  quite  distinct,  sometimes 
ni-arly  obsolete  ;  third  and  fourth  segments  with  a  velvety  median  tri- 
angular expansion  with  its  base  in  front ;  tips  of  femora,  anterior  and 
middle  tibijc,  except  tips  and  basal   half  of  posterior  tibite  yellow. 

Wings  sometimes  with  a  distinct  brown  spot hirUis. 

*- ■ — Thinl   segment   without   (or  with   v(;ry  minute)  velvety  markings, 
:il»domen  mostly  shining,  second,  third,  and  fourth  segments  with 

fringe  of  white  pile 14. 

— Third  segment  <»f  abdomen  with  an  anterior  spot,  an<l  a  posterior 
interrupted  velvety  bhick  fascia,  jsecond  segment  with  sub-obsolete 
triangular  y»;llt)w  spots,  ])osteri()r  border  of  segments  narrow  or  in- 
distinct :  basal  half  of  all  the  tibia*  yollowish-whitc?.     "\Ving«*  pure 

hyaline diunditiUisi. 

"*-  - — Second  segment  of  abdomen  with  yellow  triangles,  and  a  posterior 
uninterrupted  or  subinterrupted  velvety  cross-band,  posterior  mar- 
I'in  of  segments  2-4  yellowish-white,  with  a  fringe  of  pale  golden  yel- 
low hairs.     (Length  D-UJ  mm.) stipatnr, 

— .Sj-rond  segment  except  the  metallic  side  spots  that  extend  the  whole 
h'ngfh  of  the  segment,  velvety  black  ;  third  segment  with  a  velvety 
trianiile  in  front,  the  fourth  with  similar,  but  verv  small  ;  the  veHow- 
isli-whitd  hind  borders  fringed  less  cons])icuously  with  light  colored 
pile liromii,  sp.  no  v. 

-^SnutaJim  inornutHS  Lw.,  Oentur.  vi,  08.     l^ed  liivi-r. 

l^iagnosis,  translation.      9«    "Sub-bnissy  black,  shining,  clothed  with 

■*'llier  long  lutescent  pile   (*pube');    front  broad,  near  the  eyes  black 

*   ■*'>se.  but  the  vertex  itself  with  luteous  pile  ;  ej'es  pilose  ;  antenna*  red- 

'**U  ferruginous,  the  first  two  joints  black,  the  arista  jnlose ;  face,  except 

'*^-  usual  stripes  yellow,  with  dilutely  lutescent  pile  and  pollen  ;  scutel- 
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lorn  wholly  testaceous  ;  each  segment  of  the  abdomen  except  the  ftift 
-with  a  black  posterior  fascia,  second  and  third  emarginate  and  TelntiiMHi^ 
the  following  sub-shining  and  in  the  posterior  margin,  Teiy  narrowly 
yellow.  Feet  black,  extreme  apex  of  the  femora,  the  basal  half  of  ante- 
rior and  posterior  tibiae,  the  middle  tibiae  except  the  apical  third  and  tlie 
first  joint  of  the  middle  tarsi,  pallid  yellowish  ;  '  als  hyalinie.  Tens  diid 
colore  subfusco  late  drcumfusis.'  **  Long.  corp.  6^  lin..  Long.  sL 
4i  lin. 

ErisialU  obscurus  Lw.,  1.  c.  67.    Red  River. 

Diagnosis,  translation.  "  $.  Brassy  black  shining,  clothed  with  nrtber 
long  dilutely  lutescent  cinerous  pile  ;  front  broad,  above  black  pilose ;  eyei 
pilose,  antennre  reddish  ferruginous,  first  two  joints  black,  arista  ^fioue, 
face  except  the  usual  stripes  yellow  testaceous,  white  pollinose  and  white- 
pilose  ;  scutellum  brown,  black  near  the  base ;  each  abdominal  segmnt 
except  the  first  with  a  posterior  black  fascia,  not  emarginate  and  withaTMj 
slender  posterior  yellow  margin  ;  feet  black,  apex  and  base  of  all  the  fenion, 
the  basal  third  of  anterior  and  posterior  tibia;,  intermediate  tibiie  except  tbe 
apex,  and  the  first  two  joints  of  all  the  tarsi  pallid  yellowish ;  wingi  pun 
hyaline,  veins  of  the  disc  clouded  with  fuscous.  Long.  corp.  5-4^  lin-i 
long,  al.,  4j^-4}  lin. 

Eribtalis  LATIFR0N8  Lw.,  1.  c.  65.    Matamoras,  Texas,  Iowa. 

Diagnosis,  translation.  "  cT?-  Black,  moderately  shining,  wholly  pi^* 
li^ly  pilose ;  antennae  fuscous,  seta'  bare,  luteous  ;  scutellum  testaoeooi; 
second  sei^ment  of  the  abdomen  with  two  sub-triangular  testaceous  8pat«r 
posterior  margin  palliil,  posl(!rior  margins  of  the  following  segments  p»l- 
lid,  in  front  pallidly  pollinose  ;  feet  black,  the  knees,  tibia*,  except  the 
ap(!X,  and  the  base  of  the  intermediate  tarsi,  pallid  flavescent ;  eyes  of  the 
male  contiguous,  in  the  female  by  the  front  broadly  separated.  Long.  corp. 
Sj-o.',  lin.,  long.  al.  4,t-l^  lin. 

JirinttiliK  africfps  Lw.,  I.  c.  04.     White  Mts.,  Canada. 

Diagnosis,  translation,  "rf.  Black,  shining;  he^id  wholly concoloroDS. 
antenna'  obscurely  rufous,  arista  bare;  scutellum  and  two  spots  of  th* 
secon<l  abdominal  segment  brown  :  ])oslerior  margin  of  the  second,  thiw. 
and  fourth  abdcmiinal  segments  pallid  yellow  ;  wings  hyaline,  cosl«  ^^' 
cept  the  apical  third  fuscous-clouded.  Long.  corp.  4J-4i^j  lin.,  long  •'• 
3J  lin." 

J-Jristafi^  pihsiis  Lw..  I.  c.  70.     Greenland. 

Diagnosis,  translation,  "c??.  Black,  thickly  clothed  with  longvrf^^* 
pile;  eyes  black  pilose;  antenna'  black,  arista  ))are  :  face  black ;  tho^ 
unicolorou.<.  opacpie  ;  scutellum  lutcc)us:  first  two  abdominal  segnaeB^ 
opaque,  secured  on  each  side  with  a  dilutely  lutescent  sp«)t ;  third  segm^o* 
])lMck,  with  two  opiujue  spot^.  continent  in  an  abbreviated  fascia;  i^o^' 
timate  segments  bras.sy  [metallic],  Idack,  shining,  with  a  minute  triangu- 
lar spot,  opaque  ;  pile  of  the  dorsum  lui>inous,  on  the  sides  of  the  middh 
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ack,  remainder  yellow  ;  wings  pure  hyaline,  veins  fuscous  black,  in  the 
male  with  blackish  spots. — Long.  corp.  5J-6J  lin.,  long.  al.  4J-5J  lin." 

KrtHtaliH  ce^triformia  Walker,  List,  etc.,  iii,  573  {Syrphus).  Hudson's 
a\-  Territory. 

•*  3Iiis.  Niger,  thoracis  pilis  anticis  nigris  pootecis  fulvis,  scutello  fulvo, 
iclomine  pilis  albis  nigris  fulvisquc  fasciato,  antenuis  piccis,  pedibus 
^ris,  alis  limpidis  fusco  unimaculatis. 

'*  Body  black ;  head  clothed  with  dull  tawny  hairs,  shining  and  promi- 
nt  in  front ;  mouth  pitchy  ;  feelers  pitchy  ;  bristle  ferruginous,  downy; 
es  i)itchy,  each  with  a  broad  stripe  of  sfiort  black  hairs ;  all  the  facets  very 
lall  ;  chest  clothed  with  short  black  hairs,  and  on  the  hinder  part  with 
le  tawny  hairs  ;  scutcheon  tawny,  very  thickly  clothed  with  pale  tawny 
tirs  ;  abdomen  nearly  oval,  broader  and  a  little  longer  than  the  chest, 
r>thed  with  white  hairs  at  the  base,  with  black  hairs  in  the  middle,  and 
itli  bright  tawny  hairs  towards  the  tip  ;  legs  black,  clothed  with  short 
ack  hair ;  knees  pitchy ;  shanks  and  feet  clothed  beneath  with  tawny 
»\vn  ;  hind  feet  tawny  ;  claws  and  foot  cushions  tawnj' ;  tips  of  claws 
;ick  ;  w^ings  colorless  ;  large  dark  brown  spot  in  the  disk  ;  wing  ribs 
tcliy  ;  veins  black,  ferruginous  towards  the  base  and  along  the  free 
» rders  ;  poisers  ferruginous.  Length  of  the  body  7  lines  ;  of  the  wings 
pread]  14  lines.'* 

J^rUtalU  albiceps  3Iacq.,  Dipt.  Exot.  li,  2,  56,  41,  Carolina. 

•  '  Ater.  Thorace  antice  duabus  fasciis  transversus  albidis.  Abdominis 
I  mo,  secundo  tertioque  segmeutis  maculis  lateralibus  ilavis.  Facie  fron- 
l\ie  albis.     Long.  4  1.  ^f"." 

*  'Face  testacie,  a  duvet  blancet  bande  nue,  luisante.    Partie  anterieure 
front  a  duvet  et  polls  blancs.     Antennes  testacees.     Yeux  nus.  Thorax 

-in  noir  velont6 ;  la  seconde  bande  transvcrsalc  sur  la  suture  ;  ecusson 
I  vo.  Abdomen,  les  taches  latt'rales  laissant  un  espace  etroit  entrelles  ; 
1<.^3  du  troisieme  segment  n'atteignant  p:is  le  sord  posterieur  ;  incisions 
1  nes  :  <iuatrieme  a  pelits  polls  noire.  Cuisses  noires,  a  genoux  fauves  ; 
»ibes  jaunes,  a  extremitc  braune  ;  tarses  noirs.  Balanciers  jaunes.  Ailes 
n lines  ;  a  base  un  pen  jaunatre  ;  cellule  basilaire  externe  s'etendaut  jus- 
'*«*  la  moitie  de  la  discoidale." 

^n'ufdUs  parcTUf  Bigot,  Dipt.  Nouv.  xxi,  Annal  Ent.  Soc.  Fr.,  1878,  216. 
'•"i^nosis,  translation.  ^^•.  Eyes  pilosr*,  arista  at  the  base  briefly  pilose 
'i\ilurto  K.  arhnstornm)  ;  antenme  reddish-brown;  face  black,  on  the 
•^'s  obscurely  cinereous  pilose:  thorax  black,  densely  fulvous  pilose; 
'^trjlum  fulvous  ;  teguhe  test4ici*ous ;  abdomen,  second  segment,  on  each 
^*-.  with  a  broad  spot,  triangular,  fulvous,  third  with  similar,  but  nar- 
*^'er,  spots,  narrowly  margined  with  yellow  ;  femom  obscurely  reddish- 
''*^^vn,  knees  and  tibije  pallid  testaceous  ;  apex  broadly  reddish -brown, 
^^i^i  obscurely  red,  apex  slightly  infusoate;  wings  nearly  hyaline,  base 
|J<1  external  border,  dilutely  and  very  pallidly  infuscated.  Long.  ISmm. 
^^>nlj  America. 
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.  Eristalis  tbnax  (Linne),  Meig.  Atlantic  and  Middle  Suites,  WaiUngtoa 
Territory !  Earope.  Asia.  Africa.  A  single  specimen  fh>m  tbe  Fuifie 
coast  agrees  in  every  respect  with  Eastern  ones.  Tlie  distributloa  of  tkb 
species  is  remarkable  ;  althougli  at  present  very  abnndanl  in  the  legiM  of 
New  England,  it  was  never  observed  or  known  to  coUecton  longtrago 
than  1874 ! 

Eristalis  flatip'Ies,  var  uelakostoicus  Lw.,  Centnr.  tL.  68.  I 
have  a  single  female  specimen  fron^  Oregon  that  I  doubtftiUy  refer  to  tUi 
species.  While  the  dorsum  of  the  thorax  is  black  pilose  the  yellowifh jfli 
of  the  abdomen  is  confined  to  the  terminal  segments.  I  have  collected 
large  numbers  of  flavipes  in  Connecticut,  and  among  them  I  have  foud 
typical  specimens  of  melanoUomi  and  others  agreeing  quite  with  the  sped- 
men  from  Oregon,  while  still  others  have  the  yellowish  pile  of  the  alido- 
men  more  or  less  intermixed  with  black.  A  typical  mektnoMtomiiii  pR- 
sents  a  very  different  appearance  from  flavipes,  and  yet  from  the  col- 
lection I  have,  I  doubt  the  specific  distinction.  The  name  mekuMimia 
may  be  retained,  however,  to  express  the  difference,  more  particalarlj 
of  the  dorsal  thoracic  pile. 

Eristalis  stipator  O.  8.,  West.  Dipt.,  880^  Colorado,  Westeit 
Kansas !  New  Mexico,  California. 

Eristalis  uirtus  Lw.,  Cent,  vi,  CO ;  O.  8.  West.  Dipt,  885.  Wtik. 
Terr.,  Oregon,  California,  Colorado  !  A  very  common  species,  over  thiitf 
specimens  are  in  my  collection.  They  show  a  considerable  variatioD  is 
observed  by  Osten  Sacken  (1.  c).  * 

EuiSTAiJs  (V)  Mkicknit  Wied. ,  Aus.  Zwei.  Ins.  ii.  177,  33.  pi.  x.,  fig.  15. 
(K  aitdrodi/s  O.  S.),  Brazil  (Wied.)  New  England  !  UUih,  Alaska  (fcc 
O.  Sacken.  West.  Dipt,  WM).  This  species  agrees  so  closely  with  JVit*<i- 
man's  figure  and  description  of  Mei^/enii  from  Brazil,  that  I  believe  it  lobe 
the  same.  I  .shall,  however,  send  specimens  for  comparison  with  South 
American  ones. 

KUISTALIS  MONTAMS,     sp.  nOV. 

.<".— Eyes  thickly  pilose,  sub-contiguous;  front  and  face  reddish-black 
with  yellow  pile,  the  facial  stripe  and  cheeks  black,  shining:  anteniue 
brownish-black,  arista  ban;.     Thorax  black,  densely  covered  with  yellov 
pile,  Ihe  scutcllum  yellow.     Abdomen  reddish-yellow,  w^ith  thick  retUlish' 
yt^llow  pile,  lirst  segment  black  ;  seitond  segment  in  the  middle  opaque 
black,  narrowed  behind,  in  th(^  third  segment  tbe  black  is  conllneil  to  a 
broad  median   stripe,  opacpie  in  front,  shining  behind;  fourtli  sogment 
similar,  wholly  shining,  hypopygium  black,     hegs  black  witli  black  pile, 
all  the  tibia*  at  the  base  yellowish-red.    Wings  hyaline  with  a  brown  spi^t 
Long.  Corp.  12  mm.     One  si)ecimen.     Wyoming  Territory'. 

EUISTAMS    OC<'n>KNTALIS,    Sp.   nov. 

f^'-^ . — Eyes  iMhxe,  front  (\^)  brownish-black,  dusted  with  Vfllow  on 
the  sides,  face  on  the  sides  thickly  covered  with  same  colored  dust,  and 
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\vhiii-=*h-ycllow  pile,  median  stripe  an<l  cliecks  shining  black;  antonnre 

TCMUlish-browu.  arista  red  pubescent.     Thorax  blark,   with  rather  short, 

iliicrk,    yellow  pile;  seutellum  sub-transUicent  yellow  with  longer  pile. 

Al»iloiiien  bluek,  thickly  covered  with  yellow  i»ile  more  or  less  intermixed 

^vi^ll    black  at  the  incisures,  second  segment  on  the  sides  broadly  reUow, 

in    tliir  middle  wliolly  opa(iue  ;  third  segment  on  the  sides  with  smaller 

rcdvlish  spots,  extending  cme-half  or  two-thirds  of  the  way  back,  and  a 

br<*:nl.   shining  cross-band  narrowly   interrupted  in  the  middle  ;   Iburth 

sirsrment  shining,  with  a  small  opacpie  spot  in  front.     Legs   black  with 

bluc'k  pile,  knees  and  ba.*<ftl  thinl  of  all  the  tibia*  yellow.     Wings  hyaline 

^vitli  a  small  dark  brown  spot.     Long.  corp.  10-12  mm.     Four  specimens. 

Washington  Territory. 

ICriitttiUit  Bronsii,  sp.  nov. 

'f'. — Eyes  with  short  whitish  i)ile  ;  front  brownish-black  in  the  middle, 

'hickly  covered  with  red  dust  on  the  sides,  pile  below  yellowish,  black 

>»i-*iirthc  oeelli,  face  with  whitish  pile  and  yellowish-white  iHist.  narrowly 

^liiiiing  black  in  the  middle,  cheeks  blark,  shining  ;  antennje  brownish- 

'•^a<.'k,  arista  brownish-yellow,  si>arsely  pilose.     Thorax  on  the  dorsum 

'•rownish-olivaceous,  somewhat  brassv  on  the  sides  ;  in  the  middle  form- 

*'^ff  two  mther  broad  stripes,   inclosing  a   narrow  black   stripe   that   is 

'^'^>:i(lest  beyond  the  suture  ;  pleunc  black  with  longer  whitish  pile,  the  j)ile 

**'    the  dorsum   rather  short   reddish-yellow  ;   scutellum   reddish-brown. 

•Vb«\onR'n  black,  sub-metallic  shining,  with  very  short  whitish  pile,  pos- 

*-''*i<)rmai«^ins  of  second,  third  and  fourth  segments  broadlv  whitish-vel- 

*^^^',  the  velvety  black   occupies  the  whole  of   the  middle  of  th(^  second 

'*'• '.fluent,  expanding  narrowly  outward  in  front  of  the  whitish  posterior 

*iuri:ln  :  third  segment  has  the  velv<'tv  black  conllned  to  a  triannle  on  the 

'iTorior   part,    extending   narniwly   backward;    fourth   segment    with   a 

^'*'itllspot  in  fnmt.     Legs  black  with  white  pile,  tips  of  femora  and  basal 

"**tl  of  all  the  tibi.'p  vellow.     Wings  hvaline  with  an  indistinct  brownish 

^*^*t.    Long.  Corp.  10-12  mm.     Three  si)ecim(*ns.     Massachusetts,  July  3. 

■t^or  sf)me  tnne  I  was  inclined  to  consider  this  the  lemale  of  what  I 

'"^^•Utify  as  K  Jfa'gtuu  Wied. 

^^^- — Wings  covered  with  minut(?  i)ile,  brown  on  anterior  portion;  thorax 
often  with  yellow  spots Pteroptlla. 

«*TLKOrTiLA  cure  IGKUA    (Wied.),    Aus.    Zwei.    ii,    10."),    *j.     (io»rgial 
■•*t"ida,  Texas,  Central  America. 


XI. 

-J Smdl  cross-vein  at  or  beyond  the  middle  of  discal  cell. 

a. —  Vri«4ta  dorsal. 
,j. — Third  longitudinal  vein  deeplv  sinuous. 
yy. — Marginal  cell  open  ;  po>terior  femora  swollen. 

IROC.  AM  Eli.  PHILOS.  SOC  XX.  112.  2(>.      PHINTKD  AlCTsT  H,  18S2. 
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"W. — Face  carinate .see  XIII. 

WW. — Face  tulKTCulatc,  or  rounded,  not  carinate. 

X. — Face  of  male  less  tuberciilale  than  in  female,  body  uniformly 
black,  without  markings. 
Y. — Hind  tibiie  of  male  with  a  strong  projecting  spine  in  middle. 

Teuchocnemis. 

YY. — Hind  tibi.v  of  male  without  such  spine 'Pterallastei. 

XX. — Face  alik(?  in  both  sexes,  abdomen  in  male  at  least  (except  MaUot-f) 

not  uniform. 

Z. — Hind  co.\je  with  spur,  duller  in  the  female,  hind  femora  with  iri- 

ani;nlar  protuberance,  hind  tibite  with  terminal  spur  (n''  alxknueD 

mostly  red,  +  nearly  black) Polydonta. 

PoLYDON'TA  cuKVirKS  (Wicd.),  Aus.  Zwei.  ii.  149,  3.  O.  S.  We?t. 
Dipt.,  3:JH.  New  Eii>rland  !  California.  The  probability  is  that  the  specie? 
somewhat  doubtfully  referred  to  this  by  Osten  Sackeu,  1.  c.,  is  the  same. 

ZZ. — Hind  Icirs  without  such  spurs  or  protuberances. 

a. — Third  joint  of  antenna*  broad,  face  conciivc  below  the  anten- 
na' (thorax  not  vittate,  thickly  pilose;  abdomen  without 
bands Mallota. 

Mallota  Sackeni,  sp.  nov. 

MaVotd  pnxtirtitif  ().  Sackcn.  West.  Dipt.,  3:W. 

(^.  Dilfers  from  M.  (?)  posticattt  of  the  Eastern  States  in  a  dark  bn)wn 
spot  (m  the  winii,  in  the  maririnal  cell  being  closed  in  the  border,  and 
in  the  eyes  of  the  male  not  being  contiguous,  otherwise  quite  like  ibe 
Eastern  spj'cics. 

Fr<ml:il  triaii'^lf  :iii<l  f.icr  irray  with  yellow  pile,  broad  facial  strip<vi!i'l 
cIkm-U'^  (Um'p  lt):i<l;,  sliiiiiiiLT  :  ant'iina-  lil:»ck.  thinl  joint  more  "f  !•':■ 
browni^li.  DnrMiin  of  tliorax  and  pleura-  with  Inng  d<.'i:si;  yt'llow  pi'*- 
scutcllnin  y(l^)\v.  -iiuilarly  pil(>««r,  alxlonim  ilrcp  shining  bl.icK.  lu-if} 
ban*.  Icl:^  (1(I']»  l»l;i(k.  witli  lijack  )»ilc.  niiildlc.and  j)()S!«*rit)r  tar^^i  hrowni'-- 
rcd.  pnvt.'rinr  tViiiora  vcrv  niiicli  thickfucd.  AVinir'N  hvalinc  willi  :i  lir.''" 
liptuii  <iM>t.  rcachin-j;  IVniii  tin-  oriirin  of  tlic  third  vi-in  to  the  small  tri'-^- 
vein,  thi-  ^t'cnri'l  lonixiJ'idina!  j-ntcr^  tlii'  co^ta  at  tip  of  the  fir-^t,  ii"' ■"*' 
some  disiaiicc  Ih-voihI.  a<  in  the  s)M'(iiii<'M<  I  have  of  the  Eastern  ^InTit■-•• 
L()n:_^  cnip.  Hniiii.     \\"a>hii)i:t()ii  Tcrrittny.     Two  >pe{.'imens. 

aa.     '['hir«l  joint  i>!  ai.trnn:r  nvatf,  fac«- cxravatcd  or  not  below  tin' :»':■ 
t«-nni.  tliorax.  oral  Ica-t  alKlomcji,  wit  h  markings. ..  .Helophiln*- 

lli.F.nriiii  I  s  LATH  i;.»N-  Lw..  C.-nt.  i\',  7:i.  Wvo.  !  Northern  St;ii'* 
Xc'T.i-Iva.  (  aliforni  i. 

Ill  r.orniM  s  Mi.xF<ANrs  Mar^.  f  //.  i>.,i,ifjr,i,iiiniis  Lw.  Cent.  x.  ■''••'>■  ^'■' 
al-n().  S;ick«'ii.  <  "a*;il«»„'ii<-.  ljTa!a.  i  Appafrntlya  V«TV  coniiuon  •i|>«i'''-*' 
I  li  ivc  -rvciitccii  -ptM  iiiuMi-  [vAW  W'a -li i n 'jt . »n  Territory  and  ('alitorni:i 

Ili.i.ornn.i  s,  sp.  A  >;na]]  >p('('ir^  IVoni  Wyoming,  apparently  iin-i*^- 
scriltt'tl. 


<2.1  ^^'^  IWllllBton. 

XII. 

J. — Small  (Toss-vein  at  or  beyond  the  middle  of  disciil  cell. 
a, — Arista  dorsal. 
^j.5f. — Third  longitudinal  vein  gently  curved. 
<>. — Arista  feathery  jdumose. 
£. — Marginal  cell  open. 

b. — Thickly  pilose  ;  abdomen  without  bands,  short,  thick,  arched  ;  hind 
femoni  strongly  thickened,  tibiie  much  bent  ;  face  straight,  extend- 
ing back  under  the  eyes,  conical,  pointed  ;  wings  with  a  brown 
si)ot *Arctophila. 

♦Arctophila  flagkanh  O.  S.,  West.  Dipt.,  3J]5.  Colonulo  Mountains. 

>b. — Less  pilose  :  abdomen  with  bands  ;  hind  femora  slender  ;  face  trun- 
cate   Sericomjria. 

Skricomyia  ciiALCorYOA  Lw.,  Cent,  iii,  20.  Washington  Territory, 
T.  IIot)d,  Oregon  I  Sitka.  A  doz.en  specimen  fro?n  the  two  former  lo- 
lities.  I  have  no  doubt  belong  here  ;  the  male  not  described  by  Loew, 
fters  in  having  the  third  segment  wholly  opaque. 


J. — Small  cross-vein  at  or  beyond  the  middle  of  discal  cell. 
a, — Arista  dorsal. 
^3f^5f. — Third  longitudinal  vein  gently  curved. 
££. — Arista  bare  or  pubescent. 

c. — Marginal  cell  closed  ;  thorax  with  yellow  markings  ;  abdomen  fasci- 

atc  ;  antenn.T  short Mileaia. 

5C. — Marginal  cell  open. 

d. — Long,  slender,  abdomen  narrower  toward  the  base  (wings  more 

or  less  brownish) Ocyptamus  (Bacha). 

Id. — Abdomen  never  linear  or  club-shaped. 

e. — Face  distinctly  carinatt;,  convex  or  nearl}''  i)erpendicular  in 
profile,  hyperst<mia  not  produced,  eves  bare,  hind  femora 
incrassate,  with  a  triangular  protuberance* Tropldia. 

T^ROPrniA  QUADRATA  (Say^.     Compl.  Wr.  1,  14  {Xyloiu),     Washington 
L?rr.,  California,  New  England  I 


5. — Face  without  a  distinct  median  ridge  or  carina,  or  if  somewhat 
carinated.  the  hyperstoma  produced. 
f. — ''All  the  femora  strongly  thickened  and  spinose  l)elow  ;  tarsi 
crassate.  Face  tuberculate  ;  antenna'  short,  third  joint  as  long 
as  two  preceding.  Small  cross-vein  subnormal  ;  first  posterior 
cell  acute  at  outer  anterior  angle,  rounded  on  outer  po.sterior 
part,  the  section  of  vein  at  distal  end  of  cell,  sinuate.  Body 
proportionately  short  and  broad,  bare,  with  minute  scpiama*." 

Loew,  Century  v,  38.     Small  sjx'cles *Lepidom3rla. 

5.^ — .VU   the  femora  not  strongly  thickened   and  spinose  below.     Mostly 
large  S|»ecies. 

g.— Xearly  bare  specie?*^,  especially  on  the  abdomen,  the  pile 
never  long  nor  dense  ;  eyes  bare. 
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h. — Face  descending  but  vtny  little  below  the  eyes,  arcl'*^ 

or  snbcurinjite,  never  tuhcrciilate. 

i. — Third  scuinent  of  ubdoinen  in  male  very  much  c^^- 

tractfd,  cylindrical,  the  hind   Icmoni  much  swulU**'- 

with  ]»ilid  spine  below  at  the  tip.     Eye**  ven' lur  J^«-. 

face  small Senogaster  jVIacq.,  Hist.  Nat.  bipt.   ~. 

ScnofjamUr  Comstockt,  sp.  nov. 

f-. — Head  irlobular,  lar«^e,  composed  almost  wholly  of  the  eyes  wliicL 
meet  in  front  for  a  short  distance  above  the  antenme.  the  vertical  trian^rle 
narrow,  long  ;  a  small  but  very  distinct  area  of  enlarged  facets  on  each 
side  above  the  antenna'.     Frontal   triangle  and   face   small,  the  laiter 
a  relied,  subcarinate,  short,  concave  from  antenniv.  to  tip,  yellow  with  sil 
very  glisten,  and  a  brownish  median  stripe.     Cheeks   narrow,  antcnat 
reddish-yellow,  tirst  joint  v(;ry  shr^rt,  second  nearly  equilatendly  trian^'U- 
lar.  third  joint  oval,  nrista  bare.     Thonix  black,  with   four  narrow,  bur 
conspicuous  olivaceous  stripes,  the  outer  j»air  extending  from  the  mon* 
reddish,    somewhat   swollen  humeri.     Pleura^  black,  with  a  conspicuous 
broad   white-dusted   vertical   patch  ;  scutellum  black,  yellow  at  thi-  tiji: 
abdomen  brownish-black  ;  llrst  segment  as  broad  as  ihonix,  nearly  bliik. 
yellow  on  the  sides  ;  second  segUH'nt   elongate,   scarcely  half  as  wide bt- 
hind,  with  two  silvery  elongate  spots;  third  segment  of  the  siime  U'Diiili. 
narrow,  cylindrical,  yellow  in  front  ;  fourth  segment  as  long  as  pruceiliD.: 
with  the  globular  hyj)(»pygium  forming  a  s^Oieroidal  mass.     Legs  yi'll'>*. 
hind  f(*mora  mueli  swt>lh'n,  arcuat<'d.  black,  becoming  red  at  the  tip. '**'■ 
low  at  the  end  Avitli  ^lender  process,  ami  beyond  a  smaller  tootli-lik*;""^' 
hind   tib;:e    areuatcil   witli  a  tri.-ingiilar   projceiion  at   the  end.  liiu'l  '•'>■ 
lirow  iii^h.   wiii'j^  ii«':n]v   livaliiic.    third   loniritudinal  \  cin  iT'-ntlv  ciirV' 
JjoiiiT.  Corp.    1  -  niiu..  long.  al.  S  nun..  X.  Y.,  Cornell  l'nivcr>ity.    i'l""* 
,1.  H.  Coin-toek. 

TIm'  pp'-ciit  -prrjo  i>  a  \cry  interest ini:;  addition  to  our  fauna.    Tlitb'!^"' 
><•  lai"  a>  I  can  li-arii.  but    oiif   spi'ci;'<  i^  known,  >',  r  :  rf/hsctjis  M;ii\.  ■  ' 
and   Dipt.  K\ot.  11.  :.».  7"J.   Tab.  1:5.  f.  :{,  from  (Jniana.  S.>uih  Ain'rii:i.   I 
takr   nnieh    plca-ni'i'  in    dfdicning   If  to  Pn»f  ('omst(.)ck,  who-^o  wi'ilf "■ 
lji:t)in' iloLi V  i^  >o  i'.i\'oraltl V  known. 

ii.--llind  t<  in«>ii  mori^  or  l'-^^  '-woljcn  \\itli  -pines  or  bristles  b«'lo\v.  ■.»'''" 

nn  II  rj.iiiLi.iicil.    -uinculiai    tlaiifiH-d.   n^t   coniraclctl  in  the  iii!'»^''' 

'rii<n-a\  wiiiinnt  di-iliii-i  y.ll.»\v  niarkin'^^. 

j, — liin-l   t<-ni"ii    \  t  ly   inurli   >\\oll.'n.  sniall  cross-vein  at  rijhtfln-"* 

lu  Inu'-Liiinlinal  \  fin> Syritt*- 

S'lUniA  I'li'ii.N*-  ljn:;e.      M.  i'jcn  Zw-iil.  In.^.  iii.  *Jlo.     J\unip«'.    C""' 
njoii  appaii'iii  i\  ox  <  rail  nf  North   Anjcrica. 

jj.  —  Hind    I'liioia    n<'\"i'  i^Mnarkal>ly    swnlh-n.   hiuil  co\;e  ntleii  ^v.'li  ' 
^l»iii»'ii-.  profc--.  -Midi  (it)-^  \(in  ol'wing  always  oblitpir. .  .Xyl^t^" 

Xvi.Mr\  (MX  I  K\   \.\\.,  ('''n\.  \  i.  ."».").     Mr.  Hood.  Oieiron  ;   Wa-li- T^^-' 
Caiil'.  1     licil  Ki\  ii' ot  the  Norih.     Spcciniciis  from  the   thornier  lofJi"'*'' 
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0  so  closeh'  with  Loow's  description  that  I  believe  them  to  be  the 
c. 

A'LOTA  E,Ti'xriD.v  Say.  Compl.  Wr.  1,  M  ;  PI.  8,  fig.  4.  Wa.'^h.  Terr., 
it'.  :  New  England.  Numerous  specimens  from  the:«e  localities  re- 
ihle  so  closely  the  Eastern  ones,  that  I  scarcely  doubt  their  identitj". 
t  thinl  joint  of  the  tarsi  varies  from  yellowish  to  quite  black,  and  the 
le  or  tubercle  of  the  hind  coxic  is  quite  distinct ;  the  antenna;  var}' 
lewhat  is  color.  Is  X  qutidrurniculata  Lw.  really  a  distinct  species  ? 
'Crve  the  discrepancy  between  the  diagnosis  and  description  as  reganls 
male  cox:e. 

!vLOTA  riORA  (Fab.)  Meigen.     Oregon,  Wash.  T<»rr.,  Calif.  !    Europe 
North  America.     Common. 

TLOTA,  sp.  nov.     Colorado. 

itiers  from  S.  hicMor  Lw.  in  the  presence  of  long  coxal  si)ines ;  in  all 
tarsi  except  the  last  two  joint.s  the  anterior  and  middle  tibiie,  an<l  the 
erior  tibiie  at  base  and  tips  being  yellowish-red. 

—Face  descending  more  or  less  below  the  eyes,  often  obtusely  tubercu- 

late.     Thorax  either  with  distinct  spots  or  abdomen  bandinl. 
k. — The  sixth  vein  beyond  the  junction  of  the  posterior  l^asal  cross- 
vein,   extends  forwards  subpanillel  to  tlie  border,  the  <lis<'al  cell 
rounded  on  its  ])Osterior  angle,  hind  lcmr)ra  swollen  (and  with  a 
triangular  protubenince   below  on   outer  part;  anterior  part  of 
wings  more  or  less  clouded). 
1. — Second  joint  of  antennte,  elongate  ;  antenna;  About  as  long  as 
head Miztemyia. 

L — Second  joint  of  antenna*  not  elongated,  the  antenna*  shorter  than 
head Spilomyia. 

eiLOMYIA  IXTEURITTA,  Sp.  UOV. 

>  • — Ver}-  closely  allied  to  S.  lonfiicmnuH,  but  seems  to  show  a  constant 
rence  in  that  tlie first,  thinl  and  fiftii  cross-bands  an*  distinctly  though 
owly  interrupted,  and  tliat  the  last  section  of  the  sixth  longilu<linal 

is  distinctly  shorter,  scan^ely  more  than  half  as  long  as  the  post<!rior 

1  cross- vein.  The  i>i)steri<)r  side  of  the  hind  femora  are  in  some  si»eci- 
is  quite  black.     "Washini^ton  Territory. 

in  generic  di(Ie*rences  between  our  species  of  Mixtemyia  and  Spilo- 
11  are  verv  trivial. 

—The  last  section  of  the  sixth  vein   short,   running  directly  into  the 

tK^nler  of  the  wing,  hind  femoni  not  swolhm,  nor  with  spines  orjjro- 

jection  beh)W. 

tn. — AnTennse   inserted   high   up  on  a  conical    projection,  front  very 

>horr,  tace  much  produced  directly  downwards,  obtu«-ely  tnl<ereu- 

late.  anienn.e  shorter  or  longer  than  the  head Sphecomyia. 

F*HEroMYiA  viTT.vTA  (Wicd.)  O.  S.,  Wicd.  Aus.  Zwei.,  ii,  87,  and  91 
'ni*  ifTunfuH).     Eastern  States  I  Colonido. 

Mtiecomvia  brkvicounis  O.  S..  West.  Dipt.,  341.     California. 
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Sphecomyia  Pattontt,  sp.  no  v. 

,-f  'i\  Anlenuiu  rcddisli-bljick,  very  short,  joints  noarly  of  the  same 
Icnjrth  ;  tlio  first  cylindrical,  the  second  sul)-lrijin.irulur,  the  thinl  roiimle«l. 
reddish  below;  arista  reddish.  Face  jxolden  yellow,  with  a  black  strii* 
rcachin«r  from  the;  antenna*  to  the  oral  mari^in,  cheeks  Wack ;  front  in 
female  black  with  a  i^olden  spot  on  each  side.  Thorax  black,  alaricspdt 
on  the  pleurae  and  a  smaller  one  under  it,  humeri  and  basal  part  of  snml- 
lum  yellow.  Abdomen  Idack;  first  scirmont  with  a  narrow  posterior  U>r- 
der,  sec<)nd  scLrmcnt  with  t  >vo  narrow  vellow  cross-bands ;  the  anterior 
one  near  the  middh?  of  the  seirmeut  broadly  interrupted,  the  posU'rior 
niaririnal  one  entire  ;  third  and  fourth  sej::ments  similar,  the  middle  cros*- 
bands  su('cessiv<dy  a  little  wider  and  los  broadly  interrupted :  liflliM."-'- 
ment  nearlv  all  vellow.  Femora  brownish-black  at  tlie  base,  bccomlii-' 
reddish  at  the  end,  e-pecially  on  the  posterior  pair.  Anterior  tihia\  excrpt 
the  base  and  tarsi,  quite  black,  middle  and  posterior  lildje  and  tarsi, 'X- 
cej>t  the  la-t  two  joints,  reddish-yellow.  AVintrs  tinired  with  hrowni'^li 
aloni;  the  \eins,  hyaline  in  the  middhM)f  the  cells.  Lonir.  corp.  i:3-14raiu. 
Two  s|)ecimens.     Washiuirton  'J'erritorv. 

This  species  is  very  like  SjiJucinniiia  hrcrimr/iis  i).  S.,  l>ut  dirtersinlli<? 
antenna?  beini;  still  shorter,  and  the  picture  of  the  abdomen  ditiereiit. 

mm. — Antenna'  short,  situated  low  down,  nr^ar  the  middle  of  head  in  pi^^ 
tile,  the  prnjeciion  less  i)ronnnent  ;  face  not  mueh  pn>due<'l.  «•»' 
lon'jrer  than  tb**  tront Temnostoina. 

gg. — Larirer  |»iln>.(»  xpccie-..   the  alulomen  always  with  sln>rt,  furry  pi-'- 
dorsum  of  tlior.ix    ne\«"r  with   vellow  niarkiiiirs  olh<T  than  <>n  :ii'; 

« 

huniiTi. 
n.     Siiitclluni.  mnrLiin  ami  pleura  of  ilmrax  with  bri<ily  hair*:  :»■■' 
<li^tiii»'tly   inlHTculatt^  ;   Icmora  >Icii(]rr  ;  alulone'ii   uiiii'-'rin  ■■»^-'' 
lallic.  not  bamlrd Chrysochiamys. 

Thf  f')llo\vinLL    tabb'  of  the   North   American  ^^pLM-ies  I  repn.)dii''' iJ"*  '  "'^^ 
<)-t(|i  SarUi'M   (\\'r>t.    Dipt.,  oJO;.   wjljinut  cbaiiiir: 

A  ri>la  Mack '•'■■■-    '  ■'"' 

A I'i-'a  r<(ldi-li. 

L<--f  cut  ircly  I'l'ildi^b  \  cllow ''■   •" ' 

Aiii(  li-'i-  r<  niMra  ;i!  Imx*  ami  ii|i>(»rMll  tin- t:ir^i  ••la«k '"■''■    ' 

All  th<'  I'tiiiora  lirowii  ;  til'la-  likcwi-^c  infux-atnl .(''■;'_•■  "' 

(■'.ii;^ -nciiLAM  v^  ii;<»i>r>  ( ).  Saek«  ii.      Wi'st.  Hipt.,  .Ul.     AVa-lii:;-  ^ "  ^ 
Terr.,  (   ililoriiii  '   I  lah. 

nn.-  'rieM'.ix  wiilimit  aM\   biM^iix"  bail'-. 

O.  -  Fare  -iii'il.  lii't  iirodiiifi],  (Airiii.liiio-  but  \  er\'  littlf  bil''^^"  *■' 
(•\.--.  -li.tric'-  iliaii  lb'-  iK'iit,  rini(a\  e  from  aijT«'un:i' ''" '' '^ 
]]'**.   tiiiM'iciiliif,    1  i-aii--^  <  r-cly  ardu'il,    bind   fVmor.i  in"i"'' ' " 

p.      Ali'loiiirii  i|(.iij:it<'.  hind   I'miKiM  with  sliort  >]>iiinU'^ ''f''" 
I'elow Brachypalp'* 
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Braciiypalpus  PVLcnER  Wlstn.  Can.  Entomolop:ist,  vol.  xiv,  p.  78. 
egon,  Washin^rton  Terr.  Ilcadily  rccojrnized  ]>v  the  abdominal  segments 
Ing  liroadly  banded  and  bordered  l)ehind  by  brilliant  brassy  or  bronze, 
»  fourth  segment  in  the  male  wholly .  so.  The  first  segment  in  the 
lie  with  a  narrow  posterior  Imrder  extending  across  from  its  side 
>ts. 

.  — Abdomen  ver\'  broad,  thorax  densely  pilose,  very  large  species 

Hadromyia  Wlstn,  1.  c. 

FlAnuoMYiA  oRANDis  Wlstn.,  1.  c.  Washington  Terr.  The  present 
jcics  is  the  largest  Syrphid  of  which  I  have  any  knowledge  ;  it  measures 
irlv  an  inch  in  length  bv  a  third  of  an  inch  in  width  across  the  abdo- 

. — Face  produced,  longer  than  the  front. 

q. — Face  produced  forwards,  pointed,  concave  from  antennretotip,  not 

tuberculate,  subcarinate,  eyes  of  male  contiguous  or  nearly  so  in 

front  of  ocellar  tubercle,   hind  femora  tiiicki'ned,    usually  with 

bristly  points  below,  abdomen  without  yellow  markings. Crioprora. 

— Dorsum  of  thomx  beset  with  thick  or  vellowish  or  vellowish-rufous 
]»ile,  on  the  pleura  black  ;  wings  with  brownish  clouds  along  the 
veins. 

a. — Front  in  female  broad,  beset  with  yellow  pile *(tlopcx  O.S. 

b. — Front  in  female  narrow,  beset  with  ])lack  pilc/f/z/o/v/^/,  sp.  nov. 

.—Dorsum  of  thorax  beset  with  long  grayish  or  whitish  pile,  above  on 

pleune  yellowish-wiiite,  abdomen   dark  ])luisli-melallic   (in  the  male 

with  black  opaque  second  segment,  and  a  black  opaque  cross-baud  on 

third) >/  ,     - 

(  *n/(ffiOf/aHtfr  Lw. 

f  bave  never  seen  a  specimen  of  cyanoriaHter  ;  it  is  i>robably   distinct 

m   ryandla,  although  the   descriptic«i  ap])lies  quite  well  to  my  female 

fit'lhi.     A  comparison  is  needed  of  siH'cimens  from  the  Atlantic  and 

-ilic  States  in  order  to  make  the  description  of  Loew's  species  more 

nplete. 

C'hiopkora  alopkx  ().  S.,     West  Dipt.,  :W8  (J^ocotn),     California. 

HiopRORA  CYAXKLLA  O.    S..  1.  c,  Jj;iO.     California.     Osten   Sacken's 

^J"iption,  as  usual,  is  (piiie  tiecurate. 

^J«IOPRORA  FEMOHATA.  sp.  Ur)V. 

^  V.  Everywhere  dcej)  shining  black.  Front  in  female  narrower 
•^^  in  cynnelhi,  with  black  j)i]e,  eye-^  in  male  less  contiguous  than  in 
^^*^lhi ;  the  face  a  little  les^  produced  and  more  obtusely  pointed.  An- 
^noi  red<lish-brown,  arista  vellow.  Thorax  and  scutellum  with  rather 
^^dant  yellow  i>ile,  black  on  the  pleura*.  Abdomen  with  a  bmssy  re- 
■^ti(>n,  black  pilose,  intermingled  with  longer  yellow  on  the  sid(?s  of  the 
■^*^n(l  sf.'gment.  Leirs  wholly  black  pilose,  the  anterior  tibioe  and  tarsi  with 
^Iden  pubescence.  Hind  femora  in  the  male  much  thickened  in  the  male 
^*^  bent  with  a  row  of  short  spinous  tubercles  below.  ]M)sterior  coxa?  obtusely 
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tuberculato,  and  tibise  in  lower  third  strongly  bent ;  In  female  tlie 
and  tibiae  not  bent,  the  former  swollen  but  the  tubercles  indistinct  Wic:^ 
with  brown  clouds  along  the  yetn  and  a  very  dark  spot  near  the  ti|^ 
auxiliar}%  the  inner  portion  of  the  cells  hyaline.    Long.  corp.  15-16  hl  ^ 
Washington  Territory. 

pp. — Face,  not  evenly  concave,  tubcrculate  ;  hind  femora  slender, 
f. — Face  produced  downwards  and  forwards,  proboscis  long ;  era 

male  well  separated,  abdomen  uniformly  black,  short,  broad 

Zhirtainaniallota  &  ~ 

Bui.  Soc.  Ent.  Fr.  Apr.  1882.  No.  6,  p.  78,  Brathymyia  Williston, 

Entomologist,  Vol.  xiv,  p.  76,  May,  188d. 

EuRUiNAMALLOTA  LVPiNA,  Wlstu.,  1.  c    California. 

EuBHiKAMALLOTA  KiORTPES  Wlstu.,  1.  c.  Northern  and  Southern 
fornia.    I  know  this  species  only  in  the  female ;  should  the  mmle*s 
be  found  to  be  contiguous  in  tVont  of  the  ocellar  tubercle,  I  know  oC 
other  character  to  seiiarate  it  from  Eriopharct,  Phillip!  Yer.  Zool. 
Gesells.  Wien.,  15,  735,  1805,  pi.  20,  fig.  80. 

qq. — Face  produced  directly  downward,  more  or  less  arched  or  toben^ 
late  in  the  lower  part. 
r. — Eyes  of  male  separated  by  the  ocellar  tubercle.     Antennal  pfoaa 
n(*ncd  verv  conical,  abdomen  with  8-4  puifp  of  large  ovaL  oolJf|a« 

yellow  side  spots Somiila  deoosm 

rr. — Eye»  of  male  more  or  less  contiguous  in  front  of  the  ocelli ;  anteii' 
nal  prominence  conical 


Tahlo  of  species. 

;i. — Abdoineii  wliollv  black *amulata. 

1). --Tlin'o  ba^^lll  scjj:iiienls  and  base  of  fourth  black,  remainder  yellow...- 

analit. 

V. — Second  st'jrment  with  trlanj^ular  lateral  spots  ;  in  female  the  anterior 
niaririns  of  third  and  fourth  in  the  sides  with  yellow  spots ;  humcn 
yellow hiifneraUs,  sp.  no''- 

d. — Second  segment  with  an  interrupted  cross-band,  third  and  fourth  *'"• 
entire  cross-band,  attenuated  in  the  middle  behind  and  on  the  sides* 

scihila,  sp.  D^^- 

CHlOlilMIINA  IIUMETIALIS,  Sp.   UOV. 

';"  ,  . — Face  yellow,  shining:  with  a  semi-translucency  ;  cheeks  blafl^' 
front  in  female  on  upper  half,  black  ;  whitish  pollinose  on  the  sides  belo* 
the  vertex,  frontal  trian^ib?  in  male  like  the  face  ;  antcnnse  yellow,  soot- 
what  infuscMted  on  the  tirst  two  joints  and  on  upper  part  of  third;  thoitf 
black,  with  <hort  thin  yellow  j)ile  :  scutellum  black,  the  edge  laieooi: 
abdomen  black,  with  recumbent,  not  abundant  yellow  pile:  second  «ff* 
ment  with  trianirular  yelh)w  spots,  in  the  female  the  third  and  foartlu 
with  rectan;:ular  yellow  spots  on  the  anterior  marjrlns.  fifth  mostly  yfU*** 
except  a  narrow  median  line  and  the  tip  ;  lejrs  yellow,  front  and  middlt 
and  a  rin;::;  on  distal  i>art  of  posterior  tV^mora,  j)08terior  tibijj  in  middtei 
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rior  mctatArsi,  and  three  last  joints  of  all  the  tarRi  brown  ;  wings 
lie.    Long.  Corp.  10-11  mm.     Two  specimens.    'Washington  Terri- 

usjiect  that  the  male  may  also  show  in  some  degree  the  abdominal 
iiigs  other  than  the  spots  on  second  segment,  and  that  the  colordtion 
:;  legs  may  be  variable. 

lORUIIIN.V  S(?ITUL.\,   Sp.  nOV. 

^.  i'^ace  yellow,  in  profile  with  a  wh^II  marked  obtuse  tubcRle  ; 
:s  black  ;  front  in  female  black  on  upper  tbree-fourths.  with  grayish- 

lub  and  short  black  pile  :  frontal  triangle  in  male  yellow  ;  eyes  con- 
ns for  a  longer  distance  than  in  anaUn,  the  antennal  protuluirance  not 
*at.  Antenn.'e  yellowish  brown  or  blackish-brown,  the  second  joint 
!  imes  yellow  with  black  above,  third  joint  always  of  a  lighter  color 
■  ;  thonix  black,  shining,  dorsum  with  lilackish  pile,  yellowish  on  the 

rs;  humeri  yellow  with  smaller  confluent  yellow  pleural  spots; 

iltnine  gniy  pilose  and  pollinose  ;  scutellum  black,  the  edge  sometimes 
wly  luteous  ;  abdomen  black  ;  second  segment  with  two  large  ycHow 

rather  narrowly  separated,  with  rounded  heads  and  narrowed 
'«!  the  margins  :  third  segment  with  a  yellow  cross-band  on  the 
ior  margin,  d<m])ly  convex  behind,  the  greatest  convexity  being 
<1  the  middle,  with  sharp  median  angular  incisi<m,  and  attenuated 
V  to  a  iMiint  on  the  sides  of  the  al»donien  ;  fourth  segment  similar  in 
e,  in  male  wlioUy  black  or  with  triangular  spots  on  anterior  margin 
•iMklish  behind;  hyiM)i>ygium  red  or  yellow.  Anterior  coxa*  white 
lose  in  front,  femoRi  black  (except  the  extreme  tips,  anterior  and 
iC*  tibiie  and  metatarsi,  yellow  or  reddish-yellow  ;  posterior  tiliiie 
wv'  at  the  base  and  tip  ;  terminal  joints  of  anterior  and  middle  Uirsi 

;  posterior  tarsi  fuscrms  or  black  :  wings  nearly  hyaline,  rather  more 
led  toward  tlie  front.  Long.  corp.  11-13  mm.  Eight  specimens, 
ungton  Territory,  Oregon. 

is  speci<is  has  the  face  in  profile  similar  to  that  of  MUeua  notata 
\.  ("(ieuus  novum"  O.  S.  Catalog,    p.  l;j«)   as   figured   by   Mac- 


XIV. 

-Small  cross-vein  beyond  the  mid<lle  of  discal  cell,  obVuiue. 
a. — AntenniK  with  a  subtenuinal  l»ristle  or  teriuinal  style. 

'bird  j<»int  of  antenn;e  produeiMl  abuve  into  a  long  conical  process, 
iiclined  forward  and  terniinatiuL:  in  the  thi<-kcned  arista  ;  abdomen 
val  black,  with  thre^'  inlerniplcd  metallic  cross-bands  ;  third  longi- 

iidinal-vein  straight MerapioiduB  Higot. 

rapioidus  villosus  Bigot..  liul.  Soc.  Knt.  Fr.  1H70,  j).  CA.     (.M'orgia  ! 
\ntenn:e  longer  than   the    head,    second   and  thinl  joints  swollen, 
terminating   in    a   short    thickened   >\\W  ;    thinl    lo?iiiitu«linal    vein 
stronglv  an<rulated,  emitting  a  stump  of  a  vein  into  the  first  posterior 
i:ell.  ..'...! '. Cerla. 

t4»r.  AMKU.  ruiLOs.  so(.  XX.  112.  '2r.    tkinted  august  14,  1882. 
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Tible  of  spedes : 
m. — Antennal  piqjecUon  of  the  ftont  very  •hort ;  flnt  Joint  of  toMB 

nearly  as  long  u  last  two  togetliGr ^ilpifiM. 

— A.nl«iuuil  projection  nearly  as  long  aa  flnt  Joint  of  antaBBB,tki 

Utter  scarcely  longer  than  the  aecoad  joint. 
b. — Second,  third  and  fourth  segmentBof  abdoman  MCb  irilh  M 

yellow  BpoU  and  posterior  margin 'fUit- 

*       — Abdomen  without  sndt  spots,  banded. 

ij. — Second  segment  of  abdomen  much  aboiter  than  the  tkU; 

ftant  of  female  blkck  with  yellow  spoil aiSnaWL 

— Second  Mgmtmt  of  abdomen  nearly  m  loBg  at  tUri ;  IM 

of  female  yellow  below,  black  abore Mta 

Ckbu  TRiDESs  Lw.,  Cent,  x,  67.  Loew's  description  appUas  R? 
well  to  a  ringle  male  specimen  frpm  Sonthem  Callfi>mla,  except  tlial  ttt 
cheeks  are  wholly  black,  and  the  hind  tani  yellow  at  the  base.  Olk( 
specimens  from  Washington  Territory,  howeTer,  that  are  tppufa'tj  •( 
the  same  species,  have  the  anterior  and  middle  femon  black,  except  th 
extreme  tips,  the  posterior  black,  except  at  the  base,  the  tU>to  foKcm 
near  the  outer  ends,  one  of  the  pleural  spots  and  tbe  supia-alar  tMIi 
entirely  wanting.  The  futnale  dlSbra  In  the  front  being  black  on  the  ^f> 
two-tblids  -,  the  second  and  third  segments  of  the  abdoouB  sm|)r 
marked  with  whitish  pollen,  and  the  legs  almost  whctlly  yellov,  Ike 
anterior  femora  being  blackish  In  fh>nt,  the  posterior  lightly  fwsoa 
near  the  tip.  A  female  abbnnaia  taken  with  a  male  at  New  Bswa,  hai 
||3  U'pi  vi'llow  iilfio  with  fuscous  markings  of  the  femora ;  the  batt  k 
lilni-k  u'illi  tViiir  sniuH  yrltow  spots.  * 


.'<tated  Meetin'j,  June  16,  18S2. 

Presciit,  4  iiiembera. 

rrcsidciit,  Mr.  Kuai.ky,  in  the  Chair. 

A  IcltcT  accL']itiiig  iiiciiibcri'lii|j  was  received  from  C- '^ 
KawliiL-i,  dated  Huekmount,  Ramhill,  England,  May  12,1*^ 

Mr.  1'.  n.  Law  accepted  lli^^  appointment  to  pre|»aw  " 
obituarv  notice  of  the  late  Mr.  Vunx,  by  letter  dated  M»,t" 
1882. 

A  rcr|uost  for  exeliangcs  (to  be  dated  back  at  least  to  IS') 
was  received  from  tliu  Society  Zoologiquc  de  France, No-' 
Kiu!  dcj!  Grands  Aii.irustins,  Van^,  in  a  letter  dated  May27,ii^ 
signed  K.  Picrson,  Sec.  Adjt.     On  motion  the  Librariu'* 
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octcd  to  send  full  sets  of  Proceedings  and  Transactions  to 

)  Si^cietv. 

A-    leqnast  for  exchanges  was  received  from  the  Tjcauder 

C<  )riiiick  (')bservatory  of  the  University  of  Virginia.   Action 

rtjioncd. 

^  letter  of  envoy  was  received  from  Dr.  B.  A.  Gould,  Cor- 

/a. 

'-setters  of  acknowledgment  were  received  from  the  Public 
)rary  of  N.  Bedford  (UO);  the  R.  Institution,  London  (109), 
I  the  Wyoming  Historical  and  Geological  Society  (75,  77? 
91)). 

.)onatioiLs  for  the  Library  were  received  from  the  Mining 
rveyors  at  Melbourne ;  Prague  Observatory;  Dr.  A.  Tischner, 
il)sig;  Dr.  G.  D.  E.  Weyer  in  Kiel;  Turin  Academy; 
■iidemia  dei  Lincei ;  Geographical  Societies  in  Paris  and 
»rdcaux ;  London  Astronomical  Society ;  London  Nature ; 
itisli  Topographical  Society ;  Mr.  Chas.  Edward  Pawlins,  Jr. ; 
(-icological  Society  of  Cornwall ;  Boston  Natural  History 
iety;  Mivldlesex.  Institute;  American  Journal  of  Science; 
t^rican  Museum  of  Nat.  History;  Chas.  W.  Shields,  D.D.; 
^alo  Young  Men's  Association;  New  Jersey  Historical 
^oty;  Philadelphia  Academy  Natural  Sciences;  Zoolo^zical 
^<3ty;  Engineers'  Club;  Journal  of  Pharmacy;  Mr.  H.  C. 
'i.<:  American  Pharm.  Association;  Penna.  Magazine; 
orican  Chemical  Journal ;  American  Journal  of  Mathe- 
ies;  Peabodv  Institute;  U.  S.  National  Museum;  Fish 
uiiii.ssion;  G.  M.  AVhceler  (U.S.  GeograjOiical  Surveys); 
ivrrsity  of  Virginia;  Missouri  Histr)rical  Society;  Ministerio 
WjiiK.Mito ;  Kevista  Mexicana ;  Oi)scrvat()rv  at  Cordova 
A.  Gould)  ;   American  PhiloM)j)hical  Association. 

I'lio  death  of  W.  B.  Rogers,  at  l^oston,  May^JO,  aged  77,  was 
'ortcd  by  the  Secretary;  and  Dr.  K.  E.  Bogers  was  aj)- 
lutcil  to  ]»reparc  an  ol>ituary  notice  of  the  deceased. 

Tlie  following  communications  were  made  : 

•Revision  of  the  Dcrmestida;  of  the  United  States,"  by 
'race  F.  Jayne,  M.D.,  with  4  plates. 


Eddy.]  ^*^  [JnPf-  1 

"  Eiidiant  Heat  au  Exception  to  the  Second  Law  of  Then—--  — _i 
dynamics  ;"  by  H.  T.  Kddy,  Pli.I),,  University  of  Cincinnati 

Pending  nominations  Nos.  959,  960, 961,  and  ncwnominati< ^ 

Nos.  962,  96;i  were  read. 

C.  G.  Ames  was  appointed  by  the  President  in  the  ])1  ^( 

of  the  Late  S.  W.  Roberts  as  a  member  of  the  Committee  o 

the  Hall. 

And  the  meeting  was  adjourneil. 


Radiant  Ilent  an   Exception   to  tlic    Second   Law   of   Thermodynai^'M,  -^mfi. 
By  H.  T.  Eddy,  Ph.D.,  University  of  Cincinnati. 

(Read  before  tlie  American  Philosophical  Society,  Jane  16,  I88J.) 

Since  the;  radiation  of  heat  takes  places  by  propagation  through  bx^^^^ 
at  a  certain  finite  velocity  and  not  instantaneously,  it  is  quite  ix)8sibl«jr-       **f 
occurrences  to  intervene  during  the  exchange  of  radiations  between    t,  '^^^ 
bodies  sucli  as  to  essentially  change  the  distribution  of  heat  which  w  o'J'*^ 
otherwise  have  ultimately  taken  place. 

To  make  this  evident,  let  us  employ  first  a  mechanical  analogy.  Ic*  ^^^ 
accomi)anying  figure,  let  there  be  three  parallel  screens,  a,  b  and  c,  the  l***^  *^^ 
between  the  two  former  and  all  three  i)eri>eudicular  to  the  plane  of  "^  "^ 
paper.  Let  them  be  pierced  respectively  by  series  of  equidistant  apert  i*  ^^'^ 
tti  a^  .  .  .  a„,  &j  &j  .  .  .  6„,  Tj  Ca  •  •  •  Cn»  situated  in  the  plane  of  the  pcil"^*'^' 
and  let  th<»se  apertures  be  so  placed  that  f/,  b^  c,  are  upon  one  straight  1  *  *^^' 
not  quite  at  right  angles  to  the  screens  ;  then  are  a,  6,  c,,  etc.,  and  a„  ^  ^^" 
upon  lines  parallel  to  a^  ftj  q.  Now  conceive  the  screens  a  &  c  to  1»^-* 
a  common  uniform  velocity  u  in  the  direction  from  the  f,  to  Cy 

Also  let  a  series  of  projectiles  he  discharged  from  any  fixed  positi^'*'^   * 
at  the  let\  of  the  screen  a  at  such  instants  as  to  imss  the  first  one  thro^"*  -f 
the  aperture  a,,  the  second  through  a.^,  etc.,  and  let  the  direction  of  ^  *  '*" 
charge  be  perp<Mi<licular  to   the   screens,   and  the  velocity  v  such    ^  '^* 
each  one  shall  just  reach  the  screeu  b  in  time  to  pass  through  the    t^^ 
aperture  of  that  s<Teen  which  crosses  its  path.     Then  would  the  scr*?^"''* 
a  hem  no  way  interfere  with  the  ]>assage  of  these  projectiles.     Let       "^ 
denote  the  space  at  the  left  of  a  as  the  space  ^4,  and  that  at  the  right  c^  ' 
as  the  space  B.   Then  if  there  be  a  continuous  discharge  of  projectiles  ft*  ^°* 
all  points  ol  the  space  /?,  only  a  part  of  them  can  pass  through  the  ap^^^' 
tures  of  a.     Such  however  as  succeed  in  passing  a  will  pass  b  and  c&ls=^  ^' 

Again,  let  a  second  discharge  of  projectiles  take  place  from  tlie  space      -^ 
but  directed  toward  the  left  perp(*ndicularly  to  the  screens,  so  that  the 
projectiles  move  in  a  precisely  opi)osite  direction  from  those  first  mentioi 
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5t  the  projectiles  from  5  have  the  common  velocity  t>'.  Such  of  these 
t  lies  as  succeed  in  passing  through  the  apertures  of  b  will  impinge  on 
»int^  between  its  apertures,  in  case  c  be  placed  at  a  proper  distance 
'.  Let  the  surface  of  c  which  faces  b  be  perfectly  reflecting,  and  let 
rts  between  its  ai)ertures  be  either  concave  or  a  series  of  inclined 


a 


7^ 


21 


n 


s  so  directed  that  eacli  of  the  im)joctiles  on  rebounding  will  pass  buck 
gh  one  of  the  api^rtures  in  b.  When  the  velocity  c'  of  the  projectiles 
;o  compared  with  that  of  the  screens  if,  the  projectiles  can  he  made 
urn  through  b  very  nearly  perpjMulic.ularl}',  either  by  returning  eacii 
^tile  through  that  aperture  from  which  it  started  or  through  some 


ring  one. 


The  patlu  of  the  pntJectHas  nlftUre  to  the  KMeiu  CMi  lis  iM^ r  flic=: 
'  bf  Impnmlng  upon  Oie  piojectfles.  In  additloii  to  their  Tdodtlee  •  or  ^^ 
Teloci^  —^  UQmerlcellj  equkl  and  oppoaed  to  thst  of  the  ■Lfeeiu,  w  ~^ 
the  Kreena  themulTee  are  iX  reit.  The  comporidon  of  tlieu  veloe^- 
trlll  gtve  the  required  relative  Telodty. 

In  order  to  apply  the  mechanical  analogy  Jnit  conaldered  to  tfa^  **-!■_ 
hand,  let  ng  replace  the  suppoeed  proJecUlea  hj  radlatton  wUdi  nmwiM 
from  warm  bodies  sltnated  in  the  spaces  A  and  B,  and  let  the  only  rm^ 
tions.  at  flnt  considered  be  thoee  in  a  direction  perpendlcnUr  to  *j 
icreens. 

It  la  then  evident  that  with  snch  Kriee  bf  apertnres  sa  are  rapnaented  b 
the  figure  the  screen*  abe  could  be  given  rach  a  velocity  «,  la  acconp*- 
nied  by  reflectloni  fVom  e  would  transRir  radiationa  from  the  body  J  to  J 
nnacctfmpanied  by  a  compensating  transfer  f^om£  to  A,  and  thna  tba  bo# 
B  would  be  heated  at  the  expense  of  A.  Even  If  ladlattons  at  theip^ 
tares  in  a  and  b  be  not  confined  to  rays  perpen^cnlsr  to  the  iCieeu.  W 
take  place  instead  In  the  manner  ubusI  at  plane  anrfiKxa,  It  la  still  iridnt 
that  the  nana!  interchange  of  radiations  has  been  effectively  interknl 
-with,  and  that  the  body  B  would  he  heated  at  the  expenM  of  ^  la  bb 
the  ndiatlons  from  the  body  B  are  reflected  back  tbroagh  the  tana  tff 
tares  from  Which  they  started,  it  isq'niteaonecessaiytohave  theanivrf 
apertnrea  In  the  screen  a  at  equal  distances.  It  is  only  necesaary  that  iki 
series  of  apenurea  in  b  and  c  correspond  to  that  in  o.  Indeed  eadi  s^ 
tare  In  (can  be  conceived  to  be  completely  Burronnded  by  a  ConcaveMnf- 
cyllDdncal  reRcctur  ntlactipd  to  e,  of  such  a  form  ax  to  return  to  b  all  ndi>- 
tions  from  it  when  moving  with  tiie  velocity  u.  This  can  certainlj  l* 
effected  if  the  apprturcs  in  b  arc  mere  points  and  can  be  cloecly  uppnni- 
matcd  to  when  they  are  small.  Kow,  if  ilierc  be  in  this  cylinder  a  pwpo 
aperture  for  the  admission  of  the  normal  i)iidialione  from  A  through  a.  it 
1b  evident  that  tliit  radiiLtions  passiog  through  this  aperture  from  B,  beisf 
oblique,  arc,  wlicn  the  bodies  are  of  equal  temperature,  less  than  tha«e(if 
A  pn-saing  throu}:li  the  same  aperture,  according  to  the  well  known  U*  nt 
radiations,  that  the  intensity  is  proportional  lo  the  cosine  of  the  angle  be- 
tween the  ray  and  the  normal  to  the  radiattug  surface.  It  is  seen  that  viA 
sufficiently  large  value  of  u,  it  would  be  possible  to  overcome  any  diflo' 
cnee  of  temperature  however  great. 

In  order  In  form  an  entimale  of  the  amount  by  which  the  ndii- 
tion  fh>m  A  tn  B  cxrcedii  tiint  encapiug  from  B  tlirough  e.  let  us  inpin* 
that  liie  tcmpenitui-c  of  .4  iind  li  arc  equal  and  Ihat  [lie  velocity  r  citth) 
radiations,  from  both  A  and  D  is  the  same,  and  further,  let  the 
midway  between  i  and  b  at  a  distance  p  from  each.  Let  the  problnat* 
to  compuie  the  ratio  between  the  radiations  which  pans  through  apt* 
Aperture,  a.i  e„  iroiii  «,  ami  from  b,  respectively,  on  the  supposi^n  iW 
the  heat  mdiaim  flroni  the  equal  apertures  «,  and  6,  aa  from  plane 
In  the  usual  manner. 


H'fiw,  theoreUcmlly,  no  expendUnn of  onergj  tan 
the  nstfonn  TelodLjr  of  the  morlng  [Mrta  of  thb  ■/»»,  Ksd  OMiriBbl 
with  B  infflcientlf  high  velodtjr  of  roUtkui  and  iHtipar  BdjHtiMBt  if  R- 
flecton  It  would  tnuufer  beat  ftnm  the  bodj''^  ^  Bngfrdimnitt^ 
Umptraturet,  prorlded  ao  cadlatloiu  ue  perailtted  ezcq*  tfcoM  p«fH- 
dlcular  to  the  dinks,  exclnding  of  dooth  all  ndiattaia  to  aad  bam  d 
bodice  other  than  A  and  B:  It  would  alao^  aa  befiue  alKnra,  tnidK  M 
ftom  a  colder  body  to  a  bolter,  eren  thoogh  the  ndiMtm  Mto*  A* ' 
general  law  of  radiations  from  plane  snrlkcce. 

It  1b  needleBB  to  slate  that  the  acUon  of  the  tfitn,  nguded  ■>■!■- 
Bible  physical  process,  fs  directly  at  variancs  wUt  tlie  UthattoaMffMl 
asioDis  and  coDclasioos  respectlDg  the  second  law  of  tbennodyMaha 

It  is  trao.  we  BhoDld  at  tint  thought  be  indfaied  to  the  baUaf  tWfti 
,  laws  of  heat  should  snfier  some  modlfloatltui.  In  case  wa  mbvow  dUnhf 
tatea  of  propagatJon  not  iafinlte,  bat  we  ahonld  haidly  be  ptqundMii- 
.mlt  the  startling  coaclDBions  which  must  flow  ftom  inch  luudllliillw 
if  the  phjBlcal  process  Juat  alcetcbed  be  admitted  to  be  nlld,  aod  AM  I 
shall  now  proceed  to  develop.  ; 

I  Uilnk  It  may  be  readily  percelred  that  the  axiom  of  OwdM,  V'  ' 
which  be  founds  the  second  law,  viz. :  that  " heat cannat of  taMf^ 
from  a  colder  Into  a  hotter  body,"  when  applied  to  n^atkiiii,  taifUAl    ' 
aasnmes  that  the  heat  Is  radiated  with  InOnite  velod^.  Ibr  It  takta  m  w 
count  of  the  states  of  relative  rest  or  .moUoa  of  the  bodlea  b 


The  axiom  ofThoiusoa,  "it  is  impossible,  by  means  of 
lerial  agency,  to  derive  mecluinical  etftct  from  any  portion  of  matter  fc»1 
cooling  it  below  tlie  temperature  of  tlie  coldest  of  turroundlngotijHlS- 
is  obnoxious  to  Ilic  same  criticism,  and,  sb  I  have  staled  elsewhere,*  th^^ 
should  not  be  callcil  luiu'it  at  all,  since  wc  are  not  in  a  position  to  bring  l^^ 
ficicnt  exppricncu  to  bear  upon  ihem  to  affirm  their  validity  or  want 
validity.  Indeed,  if  the  pnrecss  of  llie  syren  be  admitted  to  l»e  po*ril»^ 
wc  are  now  in  n  position  to  assert  thiil  there  exists  an  unexplained  tc^ 
tradlcllon,  whicli  does  not  pcniiit.  us  to  consider  them  as  apfdicalde 
rudiations  of  lieat  propagated  at  Bnil«  veloeitius. 

What,  it  seems  lo  me.  the  just  quoted  statements  of  Clansiui  fc* 
Thomson  really  asserted,  was  the  historical  fact,  that  at  the  date  «to^ 
thpy  were  made,  no  one  had  as  yet  invented  any  macltine,  or  diicort*'*' 
any  principle  on  wliich  it  was  possible  to  constnicta  machine,  whidicotf-'' 
SHCccHBfiiUy  accompUsli  what  Lhe»e  siiid  luid  not  been  done  ;  and  It  ^^ 
further  iinjtlinl  that  no  such  machine  coul<l  prol)ably  ever  be  Inveaied  n*" 
any  such  principle  discovered. 

In  coraploie  uccord  with  this  siatemcnt  is  that  of  Kircbhoft,  made  la** 
lectures  upiiii  the  Tlieory  of  ileal,  during  the  summer  semester  of  ISA  ^ 
wliich  lie  said,  if  correilly  reportid.  Hint  the  second  law  canaot  be  C* 

•Tbcriuudjiiauiic^,  Xt-w  York,  IrtH). 
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present)  provcil,  but  it,  so  far,  has  never  been  found  in  disagreenient  with 
exp«*rience. 

It  is  -well  known  that  Maxwell  has  proposer!  a  process  to  accomplish  this 

very  o]>ject,  namely  to  transfer  heat  from  a  colder  to  a  hotter  body,  in  the 

foil* »\vine  manner  :     If  we  suppose  minute  Iwinujs,  endowed  with  senses 

sutfloiently  acute  and  having  a  corresponding  agility,   to  guard  minute 

openings  in  the  diaphragm   separating  two   jwrtions  of  the  same  gjis, 

vrhich  openings  are  cmly  large  enough  for  a  single  molecule  to  pass  at 

on<*t»,  they  would  be  able  without  expenditure  of  energy  to  open  an<l  close 

the    rtpenings   in   such  a  way  as  to  allow  each   molecule   impinging  at  an 

<»p^-"ing  to  pass  through  or  not,  as  they  should  ch<M)se,     If  they  permitted 

only  iliose  molecules  having  more  than  the  mtran  vis  viva  to  pass  in  one 

direction  and  only  thost;  having  less  than  the  m<»an  to  pass  in  the  opposite 

direction,  then  the  gas  on  one  side  of  the  diaphnigm  would  gain  energy 

^t  the  exp<?nsc'  of  that  on  the  otlHT  side.     That  this  process  is  actually  at 

prosent   In'yond  human   ability  does  not  show  that  we  may  not  at  some 

ttilure  time  be  able  to  accomidish  what  Maxwell  proposed.     If  this  be 

"dmitted,  then  the  conclusions  whicrh  I  shall  dmw  later  from  lack  of  gen- 

^^nility  in  the  second  law  of  thermodynamics  tlow  to  a  limited  extent  from 

^b<*  possibility  of  this  process. 

Hut  MaxwelTs  prwess  assumes  the  kinetic  theory  of  gases  as  its  basis, 
^^^\  stands  or  falls  with  it. 

And  if  the  second  law  is  a  necessary  ultimate  mechanical   principle, 

""Iding  for  all   bodies  great  and   small,  the  above  consequence  of  the 

•^iiU'tic  theory  of  gases  being  in  contnuliction  to  the  second  law  is  fatal  to 

'*•'  validity  of  the  kinetic  theorv.     liut  I  do  not  now  so  regard  the  second 

''"^v.    I  am  compi'lled  to  regard  it  as  merely  an  approximation  in  th<?  case 

'^'^    radiations,  and  to  regard  it  in  general,  with  Maxwell  and  with  Boltz- 

"*^nn.*  as  merely  the  mean  result  llowing  from  the  laws  of  probability  ; 

'lr>,]jr|i  it  had  previousl}'  seemed  to  nu?  possibh^  to  show  it  to  dep<?nd  upon 

'•ndamental   considcrati<ms  respecting   the  nature  of  heat  as  a  form  of 

'n<i-rgy,  as  was  stated  in  my  work  previously  referred  Uk 

To  avert  to  the  C(uise(iuen('es  which  are  thus  made  to  tlow  from  the  es- 

,^*»lished  fact  of  the  finite  v<'locity  of  nidiant  he'it,  we  may  mention  that 

*lie  law  of  the  dissipation  of  en<'rgy  is   no  longer  to  be  regarded  as  of 

'  '1  iverjal  validity,  it  being  obviated  by  tin?  process  of  the  syren,  it  is  just 

'***   iNwsible  to  avail  ourselves  of  the  Iwat.  stored  in   cold  bodies  a<»  in  hot 

'■•"'J',  and  thus  to  eni}doy  the  heat  of  a  glacier  to  ilrive  a  steam  engine,  or 

'*  lierform  other  like  feats  hen-tofore  regnrded  as  impossihilities.     When 

^^y  it  is  just  as  possible,  I  do  not  imply  that  it  is  now  just  as  practicable, 

***  iMThaps  ever  will  be  so. 

T'hat  these  observatitms  are  just,  is  seen  when  we  reflect  that  the  pro- 
^**s  of  the  syren  simply  heats  a  given  body  at  the  expense  of  any  other, 
"SJiinlless  of  temperatures,  by  a  method  RMpiiring  the  e\-pen<lilure  of  no 

*  ••Voir.  SItzb.  Kami.  Ixxvl,  Ixvviil. 
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eneriry.  Tt  thus  appears  that  it  is  possible  to  avail  ourselves  of  the  "B.  :^*cat 
existing  in  bodies  l>elo\v  the  lowest  thennometric  levels  of  siirnmn*  "•k^  ing 
objects. 

It  may  be  objetrted  that  the  syren  renders  a  perpetual   motion  a  ]>  «_.  -^sj. 
bility.     That  depends;  ui)on  the  definition  of  i)erpetual  motion  whicl  ^^      wc 
adopt.     In  the  popular  ae(ei)tation  of  that  term,  the  process  of  the  s}"^    x— en, 
as  well  as  that  of  Maxwell,  would  make  something  near  that  posss-  ^  l).V. 
But  when  c«)rrecily  viewed,  the  process  of  the  syren  does  not  impl^^; —     the 
possibility  of  a  i)erpetual  motion,  any  more  than  does  combustion  or  i"».  r=~  inij 
the  available  energy  of  any  chemical  process. 

It  simply  proposes  to  employ  the  finite  amount  of  energy,  existinjp        i  iia 
Kiven  bodv  in  the  form  of  heat,  in  a  uiven  wav.     It  is  admitted  b^."     oJI. 
that  this  heat  could,  a  part  ot  it.  be  made  to  do  work  by  parting  with  som~B  i  «^of 
it  to  a  cooler  body.    The  question  is,  whether  this  last  part  -which  has    1  >*"3en 
imi)arted  to  tlie  cooler  body  can  be  restored  or  tnmsferred  to  the  wx  x"miT 
body  again  without  the  expenditure  of  energy.   Rankine  evidently  helm  c?  ^'^ 
such  a  transfer  po^silile,  for  in  a  pa]):.'r  on  the  **Rec(meentnilion  o  f    '^'"' 
Meehanieal  Energy  of  the  Universe."*  he  has  supposed  it  possible  t  <^     '*^' 
fleet  radiations  in  such  a  way  as  to  give  the  universe  such  difi[erenctr*^   *^^ 
temi)eralure  as  to  ensure  it  a  new  lease  of  lite.     Olausius,  in  his  admii*:^*  *^*' 
paper  on  the  "Concentration  of  Kays  of  Light  and  Heat,"f  has  shown    "^  "^ 
general  imi)ossibility  of  such  a  reeoncentr.it ion  as  Kankine  supposed,  \vl'  '''^ 
the  radiating  bodies  are  at  rest:  nevertheless,  no  such  impossibility  i»"* '^•^ 
finally  appear  in  ease  of  the  actual  universe,  which  is  a  system  of  mr>v*  *= 
bodies. 

The  law  of  the  dis<ip;ition  of  energy  has  been  applied  to  the  univer^^^      ", 
large,  and  if  the  eoiis<Miuenees  wliieh  have  been  drawn  from  its  supp<'^""^ 
validity  are  to  be  regarded  as  no  longer  expressing  a  necessary  law.  tl  *- 
we  are  b'd  to  alliriu   th:it  without  change  in  the  lawsx)f  nature  w^ 
present  known  to  us.  it  is  possible   for  increasing  ditf<'rences  of  temp*^         , 
ture  to  ])e  euused  witlioiit  the  expenditure  of  energy,  however  iniproln"'  , 

th<»  su|)iH)sition  mav  !>•' tliat  such  is  the  fact,  and  however  improbal'^^^ 
may  be  tliat  such  (lilb'renees  are  actually  l)eing  caused  on  a  scale  suflU*'*-      . 
to  i?uert(?ni  in  any  practical  way  with   the  progress  of  the  dissipatir>rt- 
encrgy  as  Mtbrnicd  by  Tlmmson.  or  clieek  the  increase  of  the  entrop>'' 
tlic  uiiivcrx*  as  --latcd  bv  Clausius. 

Still,  it   in:iy  In-  rcinurkcd.  tluit  a  large  part  of  the  exchauge  of  hef*'^ 
tlie  uiii\  cr^e  takc>   placM  in  tlic  radiant    form;  and  it  seems  to  uii^  tli^*' 
remains  t(»  be  proxcd  w  b.it   the  fact  Jietually  is,  and   consequently  I  H"*-- 
regard  it  ;is  >till  \\\\  open  (pie^tion  a<  to  wiiether.  on  the  whole,  the  avail:*- 
energy  of  tin*  universe  is  being  dis^i])ate(l  and  its  entropy  increased  or    ■ 

Lest  the  forciToinir  nniirks  should  be  construed  as  in  auv  sense  ui3*- 
valulnLT  the  s|>lcn(lld  di-eoveries  o(  Clausius.  Thomscm  and  Rankine  it* 

■  I'hil.  !Ni:if;..  >rrie-i  tv.  \  til.  iv. 
f.Mrrli.  '111.  ol  Jk':it,  (  liapler  \ii. 
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domain  of  thermodynamics,  let  mc  disclaim  such  an  interpretation  en- 
lirt»ly.  and  say  that  my  only  wish  is  to  add,  if  possible,  to  the  exactness  and 
completeness  of  those  theories,  which  arc  amon*;  the  most  im]M)rtant  of 
modern  i)hysics. 

Cinrinnnti,  April  22d,  1882. 

[NoTK. — Professor  AVillanl  Gihbs  has  suggested  to  me  that  we  are  not 

at  liberty  to  assume  that  reflections  or  radiations  taking  place  at  moving 

surfaces,  follow  the  same  laws  as  from  surfaces  at  rest ;  and  that  a  perfect 

reflector  moving  in  a  medium  through  which  luminous  waves  are  being 

pr<)|mgated.  may  suffer  a  resistance  which  would  require  the  expenditure 

of    as   much    energy  as  could   be  obtained   by  the    proposed    process. 

Admitting  for  the  moment  the  justness  of  these  observations  respecting 

retlections  and  radiations  from  moving  surfaces,  I  shall  hope  to  show  in 

the  first  place  that  the  syren  may  be  so  adjusted  that  no  such  resistance 

neer!  l»e  encountered,  and  in  the  second  place  that  it  is  possible  so  to 

modifv  the  svren  that  no  reflections  or  radiati(tns  need  take  idace  from 

moving  surfaces. 

In   the  discussion  of  the  first  i>oint,  let  us  consider  tlie  casr  of  a  my 
falling   perpendicularly   upon  a  perfect  reflector.     The  only  num(>rical 
magnitudes  susceptible  of  variation  in  this  nuliation  are  ils  wave  Irnglh 
and  amplitude,  the  velocity  being  assumed  constant  and  dependent  upon 
tlie  elasticity  of  the  medium.     When  the  reflector  moves  in  its  own  plane 
at  right  angles  to  the  my,  it  cannot,  apparently,  be  seriously  urged  that 
the  reflected  my  will  have  <'ither  its  wave  length  or  its  am])litude  changed 
hy  the  reflection.    For,  so  far  as  can  be  seen,  tlie  wave  length  would  suf- 
fer a  change  and  be  shortened  only  l»y   giving   the   relb-etor  a  motion 
towanls  the  approaching  ray,  thus  en)wding  tlie  wave**  together.     Neither 
would  the  amplitude  !>e  changed,  for  to  do  thi-;  would  recpiire  the  moving 
plane  to  imimrt  tangential  impulses  to  the  ether  sueli  as  can  be  ^'om- 
jKjunded  with  the  tmnsverse  motions  already  existing.     If  sueh   be  the 
tangential  action  of  the  moving  plane  r>n  the  ether,  we  s]ir)uld  \n:  h-d  t<» 
the  apparently  inadmissable  result,  that  since  a  luovini:  plane  may  impart 
tangential  impulses  to  the  lumniterous  etlier,  a  di^k   rotating  with  suf- 
ficient velocity  in  vacuo  would  become   self-linninous.     It   would  seem 
Imt  reasonable  in  our  present  imperfect  knowled'.'e  of  the  >ubje(t  to  cr)ri- 
clude  that  the  only  resistance  which  a  perfect   n:tlector  experiences,  while 
mf»ving  against  a  mv.  is  normal  to  it--  surface,  and  to  l>e  repre^Mited  hv  a 
normal   pressure.     Kven  if  this  view  In*  not  regarderl  a*-  entirely  cnrreei, 
it  may  nevertheless  l»e  confidently  aflinue«l  that   tin-  tnriL'ential  must   lie 
small   compared  with  tlie  normal   re-i^tance.  just  a«*  the  fnictional  re^i«<t- 
ance  of  a  gas  is  small  compared  with  thsit  ari»»inir  from  direct  prewi.iire 
upon  a  bmly  moving  tbrougli  it.     ric-nce.  it  is  ^n-n,  that  in  ^pite  of  frirtion 
it  is  i>os8ible  to  make  a  my  turn  a  mill  who-e  varies  are  perf«-et   refh.'(t(»r-i 
in    the  .same  manner  as  the  wirnl  turn-*  a  windmill  ;  and  the  ener^v  ex 
jiendcil  will  in  that  cas<j  be  wit  In  Ira  wn  from  the  ray  it>elf. 
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Xow  the  rotatinj::  screen  e  of  the  syren  may  he  regarded  as  such  a  mill, 
the  surfaces  of  whose  v:in(»s  niav  !)e  so  inclined  as  to  return  radiations 
coniinjr  from  Ji  partly  to  aiMTtiires  in  front  of  those  from  which  they 
emanated  and  partly  to  those  behind,  so  as  to  exert  no  force  either  to 
accelerate  or  retartl  r. 

Should,  however,  energy  be  expended  in  moving  e  against  the  reflected 
my,  this  energy  must  exist  immediateh'  after  the  reflection  in  the  rcflwtoJ 
rjiy  and  be  transmitted  by  it  to  7^  Hence  wc  are  led  to  the  following 
remarkable  result: — «)n  the  hypothesis  that  radiations  cause  prcssun-at 
surfaces  at  which  they  suffer  total  rellection,  a  part  of  the  encrjiy  o(  the 
radiation  may  be  expended  in  moving  the  reflector  against  a  resistanci' 
while  the  remainder  is  all  reflected  to  the  bodv  from  wlitch  it  enianatel. 
It  is  to  be  noticed  that  this  process  of  the  rejkctinfj  mill  or  mill  as  it  may 
be  called  for  bn^vity,  is,  if  iH)ssibIe,  in  more  pronounced  and  uueqaivocal 
contradiction  to  the  second  law  than  that  of  the  svren. 

* 

For  the  latter  calls  in  question  the  accepted  law  of  mutual  exchans^ 
and  tho  Seconal  law  as  depending  U|H>n  it,  but  the  former  applies  to  a  sinsle 
}»ody  alone  as  /A  and  a  moving  rrllector.     For  example,  let  B  have  n" 
nidiatifMis  except  those  through  the  apertures  /i,  then  if  that  jvirt  of  its 
radiations  which  are  not  expended  in  turning  c  are  returned  to  it.  it  is 
])ossible  for  the  mill  r  to  be  turned  by  nidiations  from  B  until  the  enpr*[y 
of  y?  is  all  expended  in  performing  work,  thus  withdniwing  all  hejit  trtmi 
/>  while  no  heat   has  Iteen  transferred  to  anv  other  bodv  in  the  inaninr 
required  by  the  second  law,  and  this  regardless  of  the  temperatnr**  ot 
snrrnundinir  i»bje(t<.     It  therefore  seems  to  me  that  the  sup]iositii>n  i-f  i 
pn?^>ure  Hi  rellectiii;!  >urfMee>  is  more  directly  op]>osed  to  the  second  l:iw 
than  tliat  of  no  pn^^sures. 

In  veiTMid  tn  tlie  seecuid  ]^ninr  iiKMitionod.  it  seems  (piitc  i>nssitiK»  to  e(»:i- 
stru<*t  a  -yreii  oich  tlnir  tin*  relleeiion>  in  it  shall  all  take  plae*-  fnm. 
statiuiiMrv  smtaeec,  or  tVoin  tlio<e  who-e  veloeiiv  ditlers  from  /.en)  bv  li--> 
tlian  :mv  :i<>ii:ti:ible  rpiaiiiitv.  For  let  tlie  mean  veloeiiv  n  of  tlie  srrr«  i.s 
be  ilie  same  ;is  before.  ])nt  not  enntinunns.  Instead,  let  it  <'t»iisist  of  smI- 
den  <t«'p^  t<»r\\.\nl.  eiieh  of  wliieh  is  half  the  width  of  an  aperture.  TV." 
p.(--iliilit\  tif  a  n»e<'lj:ini<  al  arranirenient  wliieh  could  clb»ct  thi>  mi»ti"ii 
MJtlinnt  evpen-litine  ofeneriry.  wiili  the  aid  of  ])erfeet  springs,  tlv  wh«v^*, 
detent-,  etc..  inaiiv  re^iiiin-d  deirree  uf  appro\imatioii  will.  I  tljink.  1m*  :ll^ 
initleil.  eeit:iiiily  l»y  an\  one  wlm  can  admit  that  .MaxwfH's  "si^trtin-: 
demon"  (AjKHiN  no  rneri^v  in  openinir  ami  cb>sing  apertures. 

It  will  1m-  -een  tliai  the  rcllections  ;ill  lake  place  from  si-rei.-R'*  at  n-'Sl  i"i 
nearly  -o;  in  tliis  inmiifie.l  -.;.  ren.  and  that  tin?  stinie  transmission^  oetu: 
throUL'b  it>.  apiTiiirev  :i<  ha\e  lieretofore  lu-en  supposed  to  take  ]dace. 

1  am  not  im  lini-«l,  ho\\i\er.  !•»  in-i<t  on  the  special  kind  of  :n^p:ir:itn* 
whifli  1  liMNe  propo-eil  for  ren'lerinir  vrn^ibh'  thr»  phcnoiucnnn  whi<1i  I 
lielie\e  toe\i-!  ■Intini;"  the  time  in  \\lii<l)  the  r:(diatioiis  arr  in  ]>roee'.4  iif 
iH-romiiiL'  e-^iabli-ln-'l.  a-  (••ntemplati  il  in  tlie  ordinary  law  uf  tlii-rin-il  ia 


J*fcJ.]  *^''  [Joync. 

<?liaiiges.  The  ix)inl  to  which  T  would  oiiiphatictilly  direct  attention  is 
tlial  Hince  radiations  are  known  to  be  moving  in  epace  apart  Irom  jwuder- 
»blc  l>odies  and  sul)ject  to  reflections,  it  is  possible  so  to  deal  with  them  as 
to  completely  alter  their  destination  and  successfully  interfere  with  all 
results  flowing  from  Prevost's  law  of  exchanges.  It  also  seems  to  me 
that  the  exactness  of  the  second  law  of  thermo<lynamics  depends,  as  far  as 
rmliations  are  concerned,  \\\vm  that  of  this  law  of  exchanges. 

Cincinnati,  May  18th.  1882.  II.  T.  E.  ] 


Becision  of  the  Dermestid  a  of  the  United  States.    By  Horace  F.  Jayne,  M.  D. 

(With  four  Plates.) 

{Bead  before  the  American  Philosophical  Soritty,  June  IGth,  ISSJ.) 

Many  years  have  elapsed  since  the  small  family  of  Dermestida*,  as  rep- 
resented in  our  fauna,  has  received  careful  study.     The  addition  of  new 
genera  and  species,  and  the  confusion  existing  among  those  already  well 
established,  have  suggested  that  a  review  of  the  entire  field,  in  the  light 
of  modem  entomological  progress,  would  be  useful  to  the  student.     In 
the  following  pages  differences  of  structure  have  been  recognized,  as  fiir 
as  possible,  as  the  only  true  and  constant  chanicters  by  which  to  sei)arate 
species.     The  arrangement  of  genera  is,  substantially,  that  already  well 
known,  save  only  the  necessary  altersitions  incident  to  the  introduction  of 
two  new  genera.    The  specific  classification  is,  almost  entirely,  original. 
Dr.  LeConte,  in  addition  to  very  many  other  favors,  has  kindly  offered,  in 
niy  absence,  to  read  the  proof  of  the  following  pages. 

DBRMESTIDiB. 

Head  variable  in  size,  deflexed  ;  front  variable  in  width,  a  single  ocellus, 
OT  simple  lens,  at  middle,  except  in  Bytums  and  Dermestes  ;  epistoma 
usually  very  short,  coriaceous,  on  the  same  plane  as  the  front  excei)t  in 
^xinocenis,  in  which  it  is  long  and  retracted  ;  labrum  distinct,  mandibles 
sliort,  simple,  except  in  Byturus  in  which  they  are  dentate,  maxilhe  with 
tlie   base  exposed,  with  two  lobes  of  variable  form,  palpi  small,  slender, 
four-Jointed;  mentum  quadrate,  usually  corneous;  ligula  simple,    palpi 
tlirce -join ted.     Eyes  usually  prominent — exceedingly  in  Byturus — mod- 
erately coarsely  granulated,  rounded,  entire,  except  in  certain  species  of 
TroS^^*"*^^*  Anthrenus  and  Orphilus,  where  they  are  more  or  less  deeply 
emar^nate  in  front. 

Antenna"!  inserted  in  fmnt  of  the  eyes,  usually  eleven-jointed,  variable 
in  Anthrenus,  nine-jointed  in  Dearlhrus,  ten-jointed  in  a  foreign  genus, 
Iladrotoma ;  terminated  by  a  large  club,  which  is  quite  strongly  serrate 


in  Acolpiu  and  TrogodBDiw  ;  nude  np^  nnuU;,  of  thzmJaiBt^tt>'>i^' 
able  number  of  JolnU,  bowerer.  In  Perlmepb 
and  Anttarcntu,  of  two  Joints  In  CrjrptorhopBla 
uid  of  one,  enonnons,  Mcurlform  Joint  In  Azlnocenia. 

Prothonx  Bhart,  with  Bids  pieces  not  Mpumtie,  exotTntod  bennlh  to  A> 
leception  of  the  uit«nnB,  except  In  Bjtnnu,  Attftgenne,  DmiOam,  ?^ 
megatoma,  Acblpos,  and  one  foreign  gentw—Triaodce.  Ib  Aattiw> 
tbe  antennal  (buiB  divide  the  anterior  part  of  the  latenl  mui^  I  coal  ■• 
Titles  large,  tranBrerae,  cloaed  behind  by  the  meaauemum.  eze^  b  if- 
tarna  ;  proatemnm  prolonged  behind  and  luuaUj  lobed  Ik  ftoat. 

Heaofltemum  narrow  and  entire  in  Bytnraa  and  DenneMM  i  Mm 
and  emarginate  In  front,  or  entirely  divided.  In  Dearthna,  PetfaMpMa 
and  two  foreign  genera— Uegatoma  and  HadnMooui ;  wide  .and  eadnh 
Apaectui  and  Orptiftos ;  wide  and  deeply  emarglnat^  or  enttady  dMMIi 
the  remaining  genera  ;  metutemnm  ihort,  rounded  at  truncate  In  Enal  ■ 
narrowly  produced  between  the  meaoooxB ;  ride  pleoea  wid^  amvl  It 
Bjtnrus.  Elytta  covering  the  abdomen,  not  atrlate,  excopt  flUntlf  b  es- 
tain  spedea  of  Dermeites.  Bide*  more  regularly  oval  in  the  femalM  i  4!- 
pleniw   not  oxtendmg  beyond.     Abdomen  with  live  flma  veatiri  M^ 

Anterior  coxs  conical,  prominent,  with  small  I 
oval,  oblique,  excavated  externally,  with  large 
tant,  approximated  in  ByturuB,  DenueateB,  Attagenni,  Deaifhiu,  Paitoi- 
gatoma  and  two.foreign  genera— Megatoma  and  Hadrotoma.  PuHwto 
coxu'  flligliily  reparoled,  traasvcrsc,  not  extending  to  the  marglni  of  tk 
body,  except  in  Orphilus,  dilated  into  a  plate  partly  protecting  the  tliigbi. 
This  coxal  plute  sliowa  a  beautiful  series  of  variationB ;  in  Bytunu  ii^ 
almost  obsulcle ;  In  Dennestcs  and  Attagcnue  very  long,  narrow,  obliqnelj 
truncate  externally  ;  covering  only  the  basal  lialf  of  the  femur ;  In  gcnen 
from  Denithrus  to  Apscctus.  inclusive,  it  is  moderately  long  aod  wide, 
covi-rtn;;  more  than  Ibe  liasal  half  of  the  lemur,  not  obliquely  tiuDcac 
cxiernully,  while  in  Orpliilus  It  Is  short  and  wide,  covering  the  taUoK 
jiart  of  ilie  femur  for  its  entire  length. 

jA'g.^  stiort,  somovrhat  contractile,  tibia:  with  distinct  stoat  spuni  tud 
flvi.--jt)in(e(l,  pubesei-nl,  except  in  Byiuriis,  where  the  second  and  tbiid 
Joints  arc  1obe<l  bcnenth,  lirst  joint  cither  sliort  or  long,  equallag  t^ 
Jlflh,  2-3-1  always  short,  fifth  always  lung,  cUws  simple,  excep  i» 
Byturus,  la  which  they  are  dcniutu. 

Two  «iib-fniiiilies  may  be  thus  separated  : 
Tarsi   with   sci-ond   anil  llihil  joiiila  lobed  beneath, 
claws  stroll j;1y  toothed  at  base,  mandibles  toothed. 
Aiilerior  eoxal  cavitlew  closed  behind  by  the  pro- 


Tarsi,  claws,  ami  mandibles  simple.    Anlertor  coxal 
cavities  completed  bchiud  by  the  mcsusternum. . . 


l*G.l  ^^  [Jayne. 

SriJ-PAMiTA'  T. — Bytuuid.k. 

BYTURUS,  Lsitr. 

Head  vor}'  hirgo,  front  as  wide  us  long  ;  no  frontal  ocellus.  ^Mandibles 
turnislied  with  several  teeth ;  eyes  very  prominent,  very  large,  coarsely 
gninulated.  round,  entire  ;  epiatoma  very  short ;  antennie  11 -jointed,  ter- 
minated by  a  three-jointed  club.  Tliorax  nearly  as  long  as  wide,  anteri- 
orly more  than  half  as  wide  as  at  the  base,  which  is  somewhat  bisinuate, 
disc  convex  ;  sides  flattened,  especially  posteriorly,  arcuate  ;  hind  angles 
rounded.  Scutellum  large,  quadrate.  Elytra  three  times  as  long  as 
wide  ;  sides  sub-parallel,  apical  angles  acute.  Prosternum  very  short 
and  wide,  not  lobed  in  front,  tip  narrowly  and  sharply  produced ; 
continuous  around  and  behind  anterior  coxa*,  enclosing  tliem.  Anterior 
coxa*  prominent,  slightly  seimrated  by  the  top  of  the  prosternum.  No 
aniennal  fossa»,  spaces  between  prosternum  and  lateral  margins  broad, 
slightly  concave.  Mesosternum  entire,  broad  and  long,  prolonged  nar- 
rowly behind  between  the  middle  coxie  which  are  almost  approximated. 
Metasterntim  short,  side  pieces  wide  (fig.  1).*  Legs  stout,  femora  attaining 
8i<l€;s,  slightly  grooved  beneath  for  the  reception  of  the  tibi.e,  tibite 
sioiil.  terminal  spurs  strong.  First  joint  of  tarsus  triangular,  2-ii  pro- 
longed beneath  into  a  membranous  lobe,  4  small  nearly  concealed  by  8, 
5  us  long  as  the  four  preceding  together ;  the  terminal  claws  are  armed 
-witli  a  large  basal  tooth  (flg.  3). 

This  genus,  which  is  represented  by  two  species — one  from  the  Atlan- 
tic district  and  one  from  the  Pacific — dilFt^rs  gn.-atly  fn»m  all  the  rest  of 
geuoni  in  the  family  by  the  toothed  mantlibles,  the,  absence  of  autennal 
lossii*  ;  the  anterior  coxal  cavities  comi)leted  behind  by  the  prosternum  ; 
the  exceedingly  large  entire  mesosternum,  the  feebly  developed  posterior 
coxal  plates,  the  tarsus  with  second  and  third  joints  lobed  beneath,  and 
l»y  the  strong  tooth  of  the  ungues.  There  can  be  no  doubt  as  to  the  posi- 
tion of  this  genus ;  its  afilnities  with  the  rest  of  the  Dermestidje  are 
marked.  Erichson,  however,  placed  it  in  the  Melyridje,  DuVal  among  his 
Telmatophilidie  and  Crotch  in  the  Nilidulid<e.  Redtenbacher  and  Lacor- 
daire  assign  it  to  the  present  family. 

(.>ur  two  species  may  be  distinguished  as  follows  : — 

1-Ilytra  uniformly  light  brown  ;  antenna!  club  coni- 
presM'd,  second  and  third  joints  much  wider  than 
long;  eyes  very  large  and  prominent;  thorax 
coarsely  punctate. . . . , miicolor. 

Klytm  marked  by  three  transverse  black  bands  ;  anten- 
nal  club  eUmgate,  second  and  third  joints  fully  as 
long  as  wide  ;  eyes  smaller,  less  i>rominent  ;  thorax 
finely  punctate grisescens. 

*  The  posterior  coxa*  arc  slu>rt  uinl  wiilc,  but  ilo  not  attain  tho  .slili-s,  the  «m)xuI 
plates  are  very  feebly  developeil,  not  covcrljig  the  ivnioru  (ilg.  i). 


Jaync]  '^"io  [Janelfi. 

B.  unicolor  Say.     Elonj^ato,  modenitc^ly  convex,  light  bn)wn.  elotliwl 
with  moih'nitcly  long,   scmi-en*C't,    yellow -cinoreous   puhesafnce;  clyi™ 
uniformly  Hjrlit  brown  ;  hi'ail    coarsely   punctate,    siwirsely  pulnjictni . 
<'yes  very  lari^e  and  prominent,  l)la<.'k ;  antennte  nearly  u$  Ion;:  a*  tlie 
thorax,  11 -jointed  ;  first  joint,  large,  round;  second  .suuiller;  i^ilcin-is- 
in;r  gradually  in  size,  wider  than  long ;  9-10  t^ubequal ;  11  longer  and 
rounded  at  tip  ;  the  last  three  joints  fornung  a  somewhat  compressed  cWl 
wliieh  equals  one-third  the  entire  length  of  the  antenna* ;  thorax  brow". 
coarsely  and  densely  punctate,  pubescence  long.  dens<r  at  sides  ;  «'Utt;llQni 
glabrous  ;  (?lytra  uniformly  brown,  very  coarsely  and  densely  pumtaU-. 
covered  with  modenitely  dense,  long,  semi-erect,  yellow-cinereou>  hair-; 
body  beneath  also  brown,  ])ubescenc(;  short  and  recumbent;  lesr^  ti-st-v 
ccous.    (Figs.  1,  4.)   Lengthily  inches  ;  4.. "imm.    Habitat,  Atlantic  rogi'jn 

B.  griaescens  Lee.  Elongjite,  moderately  convex,  brown,  ci'vcn-'l 
with  modenitely  dense,  long,  re(Mimbent,  yellowish-gray  pubi-s^vo'^ 
anteniue,  legs,  and  abdomen  rufo-testaceous ;  elytra  light  bmwn  markt^' 
with  three  broad  transverse  bands  of  black  ;  head  finely  and  ^iHirsi'ly 
jiunctate  ;  eyt's  moderatidy  large  and  ])ronunent ;  antennal  club  don ?»'•'■ 
sec(uid  and  third  joints  as  long  as  wide  ;  thorax  finely  and  densely  pun'- 
tate  ;  elytr.i  nuidenitely  coarsely  and  densely  ])unctate,  brown,  iimrk"! 
with  three  efpially  separated  transverse  black  bands,  of  which  theliMi-* 
the  laintest.  and  din-eted  ublinuely  backward  and  outward,  thr  soo'i'J 
wider  and  darker,  also  directed  Inu-kward  and  outward,  but  with  a  Ur:-*^^ 
sutural  liixht  bn»wn  spot  ;  the  third  or  apical  baud  is  disliiiil  :'J-'^ 
(lireejed  foiwMid  and  dutward  (Fiiis.  5.  li;. 

LenLCih.l'i  iiielie-*  :  **.»  mm.     llahilat.  ralit'ornia. 

A    smaller   and    darker    >]K'(les   easilv    recoixiii/etl   bv    the   cliiinu!''* 
already  Lriveii. 

S[  i;-FAMn,v  II. — Dkkmkstim.k  ((Jenuiiii). 

'rhi>  sub  I'amilv.  ^^hiell  is  di-tiMirni-hed  bv  the  eliaracters  alreailv  iri^"'- 
i^  reple'^rllled  jtl  nur  I'aiiiia  bv  the  tollnuiuii  iTi'Mera  : 

Ni.  rr.mi:il  <MrlIii> DERMIiSTSS- 

Fmrital  im-i  lln-  di«-tiiiet. 

M(-"»-iiiiiiim  iKii  r<»\N ,  miiMle  eoxa-  n«»t  wide- 
Iv  -e|i.ir:tii  il. 
l*rn>t''i  iiciM  -iiiipb'  ill  l'[«tiii. 

An'iiiiiM-  1  1  i-»iii;i«l,  me«t)>ti mum  uuly 
<l«-<  |'1\  -i;li:ii«'  aii!i'ii.)rl\ .  jm^trrior 
in\al    pi. lie    Imiu-.   oMiiiii'ly  Iriiiieale 

e\t.  ni;illy ATTAGENTJB. 

Anti'iiiiM  '.» joinii  '1.  iin-f»-i<TMiim  iiai'mw- 

Ivili'-l'lfil     ji'i-'t-li.T  <ii\:il  jilal*'  >Iinrt.  j^ 

ii<ii  ti!il;i|ii.I  V  I  r!in«:i!i' eMcrnally  .  . . .  DEARTETOS. 

Fp-i«i  iniiii  |i»b«'t|  ill  iiMUi PERIMEGATOMA. 


i 


l'<^-'.:  '^J:^  [I  ay  no. 

Mesostonium  broad,  cmnrginatc  in   front  or 
entin.*ly  divided,  receiving  the  tip  of  tlio 
prosternuni,    middle  coxaj   widely   sepa- 
rated. 
Maildiblcs  and  labrum  not  covered  bv  the 
prosternuin. 

No  antennal  foasje ACOLPX7S. 

Antenna!  fossa'  distinct TROOODERAIA. 

Mandibles  covered,  labrum  not  covered  bv 

tliP  prosternum. 

Antennal  fossa*  under  latend  margin  of 

thorax.     Body  pubescent. 

Front  rather  flat,    clypeus  continuous 

on  the  same  plane.     Antennal  club 

of  at  least  two  joints CRYPTORSOPALUM. 

Front  convex  between  the  eyes,  clypeus 
forminj;  an  angle  with  the  front,  re- 
tracted.      Antennal    club    of   one 

large,  fjroadly  securiform  joint AXINOCERU8. 

Antennal  fossae  dividing  the  anterior  part 
of  the  latenil  margin  of  the  thorax. 

Body  clothed  with  scales ANTHRENU8. 

Meposternum  broad. entire.  jSIiddle  coxie  wiile- 
ly  se Ignited.  Mouth  })arts  covered  by 
sternum,  prosternum  truncate  behind. 
I*nsterior  cox®  not  prominent,  not  reach- 
ing the   sides.     li«)dy  (rovered  with  very 

long,  erect  hair APSBClTTS. 

Mouth  pjirts  covered  by  anterior  legs,  pro- 
sternum iM>inted  behind.  Posterior  coxie 
attain  the  sides.     Jiody  naked,  shining..  ORPHILU8. 

DERMX2STES  Linn. 

*  he  species  grotip<»d  together  in  this  genus  are  the.  largest   and  most 

'*'^>»l)icnous  of  the  entire  family.     Theynn^Mll  elongate  in  form,  black, 

^**i'<M>r  le«»s  pubescent.     The  head  is  small  and  eau   br   retratle«l  within 

'**    thomx  ;  the  eyes  large  and,   in  all  our  s])ecies,  entire.     No  frontal 

*^''*nus.    The  antennru  are  ll-i<>intr<l.  the  la^t  tlin-e  )oint<  beinic  larire. 

**'^»bMiged  on  their  outer  side,  and  forming  an  irregular  club  (lig.  7).  which 

'^'^^  not  differ  either  in  the  spe<ri('s  or  sexes.     Th<'  tiiorax  in  the  first  group 

*'^<'hicling  six  species — is  very  convrx  in  front,  and  Ihe  ant<*rit>r  portion 

the  lateral   margin  cannot   be  sem    from  abov<'.  whih*  in  the  second 

^'^)Up — pulrher,  larilftrinii,  cttihirfrimiH  ancl  elonfjtitun-  \\   is  less  conv(;\. 

^^  '•nlire  lateral  margin  being  visible     Tlie  ba<e  is  broaclly  lobcd  ;  in  the 

*^^  group,  impressed  with  a  median   fovea,  conspicuous  in   iinfmotfifits, 

**^ly  apparent  in /(TiJiriVi^/*,*  in  the  sccrond  grou])  with  two,  widely  sepa- 
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X^^ubcscence  on  upper  siirfuco  uniform,   two  series  of 

lateral  bhick  s]>ots  on  abdomen sobrinus. 

^^<^«Jioni  with  basal  half  clothed  with  white  hairs.  Elvtra 
with  broad  basal  rufous  band,  thorax  with  a  large  tri- 
angular naked  8]X)t  at  middle mucoreus. 

t*utix*«.  lateral  mar<^in  of  thorax  visil)le  from  above.     Base 
^%'ith  two  punctun's.     Legs  not  annulated. 
Tli<_>nix  and  base  of  el3'tni  red,  covered  with  orange-red 

pubescence pulcher. 

"*^s:d  portion  of  elylni  rufous,  bearing  yellow  pubescence, 

including  three  black  spots lardarius. 

*^ionix  and  elytni  uniform  in  color,  very  elongate,  striie 
on  elytni  distinct,  pubescence  on  abdomen  cinereous, 

no  series  of  lateral  black  sjkMs elongatoB. 

^ot  markedly  elongate,  striie  on  elytra  very  faint,  pubes- 
cence on  abdomen  white,  and  series  of  lateral  ])l;iek 

spots Qadaverlnus. 

**•  Male' with  the  fourth  ventr.il  s("L'nient  marked  bv  a  me- 
(lian  pit.  Anterior  portion  of  latenil  mariiins  of  thorax 
not  visible  from  above.  Color  above  uniform.  Thorax 
with  a  larire  triangular  naked  snot  at  mi«Mle.  One 
sories  of  lalenil  black  spots  on  abdomen.  \a\*^:^  not  dis- 
tinctly annulated vulpinus. 

^.  marmoratus  Say.     Oblonir.  <'onvex,  black,  quite  denselv  pulx'scent. 

'-'ytm  lOack,  mottled  with  ochre,  black   and   cinereoiw  piibfscf'nee,  and 

*^*'*iTing  alargi'sub-ipiadnitc  spot  }u>{  brhintl  tin.-ba-e  ofeinercoiis.     Head 

'I Holy  but   densely   punctate,    pubrxTuet*  semi-<'n*cr.  (lrns<',   variegated, 

'*<»wn,  blaek  and  white.     Antenna' pir<M)us,  club  fulvous.     Thorax  very 

■^•^nvex  anteriorlv,  basal  half  of  lateral  maririn  vi^^il>^•  from  above,  ^ides 

**Uil,i,.niy  narrowifd  at  middle,  finely  and  deu>ely  punctate,  a  deep  fovea  in 

"*i<ldlr  of  base,  pubescence  dense.  vari'*gaird  a*;  (ui  head,  two  lateral  and 

'*    iiu'dian  small  triangular  white  spots.     Sculrllum  eovrrrd  with  sparse 

'lurnrous   hairs.     Elvira  denselv  and   linrlv    punctate,    faint   stria*  near 

*^l***\.  UK^ttled  with  small  transverse  spots  of  line  reeumli<-ut  brown,  black 

^'i'l    cinereous   pubescence.     A   large  irrcg«ilarly  quadrilateral    ciuereous 

**P«»t  <ni  outer  side  just  behind  the  base,  the  inner  anterior  anirle  nf  which 

***  l»roU)nged  inward  and  forwanl  to  the  <cui"]lun».     Undy  Ih'iicmiIi  black. 

^•otbed  with  long  dense  white  recumbcni  hairs.     Abdouieii  wiib  a  row  t)i 

y'dlowish-black  spots  on  either  sid<«.     I,;i<t  scLrnient  black,  -par-^ely  com. red 

^'Jtli  fulvo-cinercous  pubescence.      r.eLT-^  covereil  with  dull  l>n»\\ui^h  hair-. 

"•Mioni  annulated  at   middle   with    while.     Liugtli   .4«)   in<h  ;   1!.")   njin. 

I  lu' larirest  species  of  the  irenus.  ;nid  imlerd  t>f  the  entire  familv.  whiih 
'*  toiind  in  <uir  fauna.  The  lari:;e  distinct  hasil,  and  the  i;nni  !:•  ner.ii 
•->Ui?n;«>us  >]K)ts  on  the  elytni,  the  convex  thorax,  annidated  femora,  bla<k 
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spots  on  ftlKhimoii  are  the  characters  upon  which  to  n»ly  for  a  con^*- 
diiijznosis.     Dermestes  majincrh-eimijjcc,  uppears  to  be  only  a  variety  * 
"H'hich  the  basal  elytml  spots  are  shorter  and  more  confluent,  while  tl* 
tninsverse  spots  at  niiddh*  and  apex  are  wider  and  iifore  distinct. 
Occurs  in  the  Western  and  Pacific  States. 

D.  fasciatuB  Lee.  Klonjrate,  black,  convex,  quite  densely  clothed  wit  * 
black  and  cinereous  pubescence.  Elytra  with  a  motlemtely  broad  #ut  ' 
basal  band,  fine  transverse  uiottlings  of  cinereous  pubescence.  He»-  ^ 
moderately  coarsely.  d<Misely  i)unclate,  pulwscence  semi-erect.  den>^  ' 
variegated  fulvou'^i  and  black.  Antennnj  piceous,  club  fuscous.  ThorA. 
very  convex,  lateral  margins  not  visible  from  above,  sides  arcuate,  den^el  ^ 
and  finely  punctate,  only  a  very  slight  depression  at  the  middle  of  tl "» 
base  ;  ])ubfsccnce  dense,  variegated,  brown,  black  and  cinereous.  Scui'.*'  1 
luin  covered  with  long,  fulvo-cinereous,  recumbent  hairs.  Elytra  fine"*  j 
and  diMjsely  piinctat(\  stri*  hardly  apparent,  pubescence  blark,  in».  * 
morated  with  small,  rinen?ous.  transverse  si.>ots  ;  abroad  transverse  l^fa^ 
which  does  not  reach  the  base  also  cinereous.  Botly  beneath  clotlie^l  wi^ 
dense  yellowish-white,  reciuubent  pubescence,  a  single  serii»s  of  latere* 
black  spots  on  abdomen,  last  isegment  bla(;k,  except  three  while  s|K>t<  -■ 
base.  Legs  eoviTecl  with  dense  brown  liuirs.  fem(»r.i  annulated  at  iniddl*-' 
Length  .:V2  inch  ;  S  mm.     (Kig.  11.) 

Xodifliculiy  will  be  enctmntered  in  rec»ognizing  this  .species  ;  thehn»a«l 
distinetlv  limited.  transv(»r>e  elvtral  cinere<»us  band,  which  never aii**'^ 
the  base,  is  ehar.icteri>tic. 

Occurs  in  Colonxdo, 

D.  muriiius  Linn.     KlonirMte,  black,  clothed  with  fine  black  and  cin» 

r«'nus  pulic-^cciicc.     I\!ytra  Mack,  covered  with  marm<»nite  black  and  cin* 
n'nn>  li:iir-^.    ilc.-ul  dcnxclv  and  inodiMiitJ'lv  coiir>e]v  i>iinctaic.  elotli'tl  ^ '' 

k  •.aft 

dcii<-e  \uiie;^.'itetl  liairs.   Atiit'im.-i'  [mccohs.  club  !'u>cons.    Thnr.ix  vi-ry  •■'■ 
vc\  in  front,  lateral   mar'j;iiis  u<>t  visible  Irom  above,  sides  arciiatr  :  tif.' 
luit  iirri<cly  punctatr,  a  faint  iucdlat»  basal  ileprosion,  pubcsrrnti  tl'*''-' 
\  aririralr-il.  :i   >.iiiall    white  spot   at   mi«!dlc.      Scntellum  cb>tiied  witli  ' 
ei-Mii-  liair-.      Llvtia   iilack.  •leii-'ch    and  linelv  punctate,  xtija-  iii'.l'''t''' 
niannorai*'  uiili  line  >|iarM-  Ma<k.  and  co;u>cr  cinereous   pu1m"n4-»:u''. 
lattf  r  n\oi"c  dcii^^*-  at  i»a-c.      Uody  I»«n(;ith  i»lack,  clothed  witli  lt»Mu'. '1' 
whiti-^h   villi.u  puh(-(«-nc<',  ;iinl'inii'ii  with  a  row  of  Mack  spot-  *'ii 
side,    ia-t    -cjiiiciit    Mark,    in;iiki<l   with    two   while   spot-^   at    t-asc 
liii'Wn    t'l-iiioia  annulate. 1  ;U  niidd'e  with  white.      Length  .'J'J  imh  ".  " 

Thi-  -|M'rit-  i-  ti»  If  ili-'ini^ui-hitl  IV.nu  the  precciUnir  by  the  ifP  : 
nioMlci]  ciiiirc.);!-  and  ''lack  p'i!>»  -(■•■nee  <»n  thi'  elytra,  there  bcin: 
tiiici  lii-al  i'V  -ui*  !»a-al  hiinl.       Twm  \arieii«s  c;in  be  n-Ct»:rni/cil 

I  .','.';/  ■'.  [i\  tlii-  thi-  tiiMi'Mii-  -|M»N  at  the  >ide>  of  th«'  h.l^ 
••lytr.i  ai«' (  i.Mti.;(  ii',  tin-  <':i:".r  !'i-.i!  half  appearing  yellow  i-li  \> 
ci-[i*  -Miiii-  M:ick  nk.iikiiiL'  tl-  II  till    -uHire.     •  ^'' //<//< '/.s  ( icrni. ) 
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J'finitifb.  The  pubescence  on  tlie  elytni  is  cinereous,  faintly  mottled 
"witli  black.  This  form  is  smaller  and  more  slender  than  the  preceding. 
:&iicl  was  described  by  Dr.  LeConte  under  the  name  rattnu.  I  cannot, 
iK.iwc'ver,  see  anatomical  characters  by  wliich  it  can  be  distinguished,  the 
€•«  »lor  of  the  pubescence  not  being  sufficient,  as  all  gradations  through  the 
first  variety,  up  to  a  typical  mnrinuit  are  to  be  found. 

0«-curs  in  the  Middle  and  Westtirn  States.  • 

^.  talpinus  Mann.     Elongate,  convex,  black,  clothed  with  fine  black 

roouiiibent  hairs.     Elytra  black,  covered  with  black  pubescence,  which  is 

mottled  with  coarser  ochre  and  gray.  Head  coarsely  punctate,  pubescence 

Ion  jr.  semi- erect,  variegated.    Antenna;  fuscous.   Thorax  convex,  anterior 

p:irt  of  lateral  margin  not  visible  from  above,  sides  arcuate;  a  not  very 

*listiiict   depression  on  base,  finely  and  densely  punctate,  covered   with 

bunches  of  variegated  hairs.     Scutellum  clothed  with  coarse,  recumbent, 

JsoMen-yellow  pubescence.     Elytra  black,  densely  and  finely  punctate, 

marked  by  a  few   faint  stria*,  pubescence  black,  marmoratc  with   very 

sniiill,  transverse  spots  of  ochre  and  gniy.     liody  beneath  clothed  with 

^•■•njr,  recumbent,  grayish- white  pubescence,  and  a  single  series  of  lateral 

Idiic'k  spots  on  abdomen.     Last  segment  entirely  black,  except  two  faint 

white  spots,  at  base,  on  each  side  of  median  line.  Legs  clothed  with  brown 

pnhoscence ;  femoni  annulated  at  middle  with  white.     Length  .20  inch  ; 

^-^*  nim. 

This  si)ecies  is  to  be  distinguished  from  the  foregoing  mottled  forms,  by 
the  liliiiost  black  color  of  the  pubescence  on  th(?  <dytra,  and  by  the  con- 
spieiiouslv  yellow  scutellum. 
^>cc«urs  in  the  Pacific  States. 

D.  Bobrinus  Lee.     Elongate,  convex,  black,  covered  with  short,  sparse, 
lUscoiis  pubescence.     Elytra  uniformly  black,   pubescent.     Head   ukmIc- 
TAtely   coarsely  and  densely   punctate.     Antenn.e   testaceous.      Thonix 
"^'^^'ex.  anterior  part  of  lateral  margin  not  visible  from  above,  sides  sud- 
denly narrowed  at  middle,  a  very  faint  depression  at  middle  of  base,  hind 
^'^jrltN  prominent,  faintly  and  densely  ])unctate,  entirely  pubescent.    Scu- 
|**^Uun  densely  punctate.     Elytra  finely  and  densely  punctate,  faint  striaj 
J^sl  apimrent,  pubescence  sparse  and  unicolored.     Bo<ly  beneath  covered 
^'*h  long,  dense,  while,  recumbent  pubescence.     Abdomen  marked  by 
^Wo  lateml  and  two  sub-median  longitudinal  rows  of  spots  of  black  pubes- 
^^^'ice.  Legs  clothed  with  dense  brown  hairs  ;  femoni  annulated  at  middle 
^'Hi  white.     Length  .32  inch  ;  8  mm. 

*'lie  di.*«tinguii<hing  characters  of  this  sp<*(ies  are  found  in  the  conv(fx 
'*'^rjix,  the  uniform  color  of  the  pubescencj'  on  the  upper  surface,  the  four 
^^j«of  alxlominal  spots  and  the  annulated  femora.  Occurs  in  Texas--(me 
*^*cimen  in  Dr.  LeConfe's  (cabinet. 

*>.  macorens    Lee.     Elongate,  moderately  convex,  black,  clothed  with 
■  **'irse  black  and  cinereous  pul>escenee.   Elytni  black,  with  a  broad  irntgular 
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Imsal  ham!  nifoiis,  which  hoars  sparse  reddish -yellow  hairs.  TTead  mcn^  ^^, 
erately  coiirscly  aiul  densely  punctate,  pubescence  cinereous  and  densr  :^  -~^ 
Antenna'  pieeous  ;  tlionix  very  convex  anteriorly,  anterior  two-thinls  (z^ 
lateral  niaririn  invisible  from  above,  sides  arcuate,  basal  fovea  indistincts^  ttt-t 
finely  and  densely  i)unctate,  covered  at  sides,  base  and  front  with  cin*-  .^^  ^ 
reous  pubescence,  leaving  a  large  triangular  spot  at  middle  naked.  Sc»"  r=r  w. 
telluni  black,  sj^arsel^'  pubescent. 

Klytra  black,  basal  third  rufous,  bearing  an  irregular  transverse  band 
yellowish  hairs  ;  pubescence  black,  with  a  transverse  spot  on  each  side 
sutine,  at  middle,  and  some  faint  mottlings  ;  cinereous,  under  surfa 
clothed  with  dense,  white  hairs.  Lateral  sjwts  on  abdomen  distinct ;  It 
segment  white,  legs  si>arsely  pubescent,  except  the  basal  half  of  feme 
which  is  covered  with  dense  white  hairs.     Length  .28  inch  ;  7  mm. 

A  number  of  specimens  received  by  Dr.  Horn  from  Texas,  on  com] 
son  with  the  type  in  Dr.  LeC'onte's  cabinet,  prove  to  be  of  this  speci  «iis. 
The  original  description  was  of  an  immature   form  from  an   uneertxi3i-in 
locality.     Tlu^  characters  to  be   relied  upon  are  the  convex,  naked        at 
middle,  thorax,  with  uniformly  cinereous  pubescence,  faint  basal  punctUE"*?  ; 
the  elvtnil  rufous  band  ;  and  the  femora  white  at  base. 

D.  pulcher    Lee.     Elongate,   moderately  convex,    red,   covered  w  1  th 
sparse,    short,   reeumbent.   golden  pubescence.     Elytra  black,  except       * 
narrow  fiasal  band,  whieh   is  red.     Head  finely  and  moderately  dens ^^^T 
punctate.     Thorax  only  moderately  convex,  lateral  margins  entirely  visi  '•^ile 
fnun  above,  ixentlv  arcuate,  base  broadly  lobed.  two  distinct  basal  foveas     ^^^ 
each  side  of  lobe,   hind  angles  prominent  ;  finely  and  densely  puncti^^  ^^' 
Klytr.i  densely,  moderately  coarsely  punctate  ;  a  few  faint  striie  indica  "^^ 
near  apex,  black,   covered  with  ver\'  sparse,   fine,  black  pubescence,     -— **^^' 
cept  tin-  base  whieh  is  red.  clothed  with  golden  hairs.     Seutellum  pu         ^^' 


tate.     Ijitire  under  surface  (aNo  antennje  and  legs)  red,  finely  punctJ^^^-* 
pube>cene«'  tiiie.     Lentrth  *2.')  inch  ;  G.'2  mm.  (Fig.  10.) 

Nt>  trouble  will  be  found  in  distinguishing  this  species  ;  the  general  ^^      ^' 
eob>r.  with  the  mImio.-i  eniirelv  black  elvlra,  the  flattened  thorax,  with  I      -"^ 
ba-al  I'ovf  e  ;  iln-  ab-ence  ot'  abdoiiiinal  spots  and  white  rings  on  femo^'^^ 
turni««h    con(lu«-iv('   characters. 

Occurs  in  the  Southern,  Middle  and  Western  States. 

D.  lardariiis     Linn.     I'Jongate,   moderately  convex, .black  or  piece' 
clotlud  w'v.h  -^h.Tt  black  s|>ar>e  r«'cumbent  pubescence.     Elytra  marked 
ba^c  \\\'A\  ;i  liroad  nifons  space  which  is  covered  with  cinereous  yellow  a 
three  -pti;^  ot"  lijack  jMibcscence.     I'nder  surface  and  legs  black  withyello 
i^h  pubr>r«n(  c,  w  iihoin  spots  t»r  rings.  Head  moderately  coarsely  but  ve 
den>ely  ]Minctaie.  a!Uenn:e  rufous.     Thonix  moderately  convex,   late 
margins  entirely  vi>iMe  tYom  alnive.  basal  tbvea  not  very  deep;  fine-* 
but  \ery  di  um  ly  ]  iiik  tate.    i>ubescence  black,   seutellum  covered  w 
black  pulHsc«nce.     Kl\tra  iinely.  but  very  densely,  punctate,  indisti 
strie  near  apex,  black  with  a  8i>ace  at  base  rufooB  which  1)earB  yell 
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lia  I  rs  and  a  transverse  row  of  throe  Mack  <%pot8  at  the  basal  third.    Length 
-!2-4-  -W  inch  ;  ft-15  mm.  (Figs.  M,  15.) 

Tlif  most  common  of  all  tlie  siK!cies  ;  to  he  ro(»ogni/e«l  by  its  more  cloii- 

J2raitc?  form,  basal  band  of  cinereous  pubescence  on  (elytra,  ami  tlie  uniform 

«.'M.>l«>rof  the  linir  on  the  under  surface.     A  rubbed  specimen  bears  some 

TX'^ieniblance  to  murorciis,  but  the  important  char.ictLTs  on  tlie  thomx  and 

%in4ler  surface. of  the  latter,  already  given,  would  pi?parate  it  at  once. 

I^vnnaUtt  »ignaiu»  Lee.  is  a  variety  in  which  the  thorax  is  covered  with 

lAcnser  cinereous  pubescence,  marked  by  three  small  black  spots  on  disc, 

un<l  I  he  elytra  almost  entirely  piceous,  the  cinerei)us  pubescence  extending 

nc-arly  to  the  apex.     A  well  furnished  cabinet  exhibits  a  complete  series 

of  ^nidations  from  the  typical  lunltrius  down  to  the  variety  under  con- 

»»iilo  ration. 

Oi'curs  everywhere. 

I>.  alongatns  Lcc.  Elonjrate,  cylin<lrical,  black  or  piceous,  covered 
^»tli  uKKlerately  long,  dark  brown,  recumbent  pubescence.  Klytni  uni- 
^"^>rm  in  color,  arcuate,  marked  by  strijc.  Antenn.T.  leii-*  and  under  surface 
IMCecuH.  Head  modemtely  coarsely  punctate.  Thorax  only  moderately 
^*»nvex,  sides  gently  arcuate,  slii^htly  mar^rined,  finely  and  densely  punc- 
tate, two  not  very  distinct  basal  fove.-v.  Klytni  black,  finely  an<l  densely 
P'lnrtate.  eight  or  ten  distinct  striie  from  base  to  apex,  un(b*r  surface  and 
'*';?!»  covered  with  uniform  dark  cinereous  pubescence.  Length  ,'M\  inch  ; 
^  imii.     (Fig.  17.) 

Tlip  mo-si  elongated  of  all  the  forms  under  consideration,  with  the  stria* 
^^  the  elytra  more  apparent.  The  uniform  pubescence  an<l  absence  of 
"^lirking-!  on  legs  and  abdomen  are  important  additional  characters.  This 
"Peril's  may  be  identical  with  hifobn^  but  from  the  de.-scription  the  form 
***-*oms  le^is  el<»n gated  and  the  .stria*  deeper  in  the  latter.  A  coni]>arison  of 
*yin's  would  alone  settle  the  matter.  I  have  preferred  to  keep  them,  tem- 
'***rarily.  at  least.  separ.Uc. 

^U'curs  in  tlie  Southern  and  Western  States. 

D.  cadaverinus  Fabr.     Elongate,  moderately  convex,  black  or  i>iceous, 
"Mhcd   with   sparse,    short,    n-cunibent,   cinereous   jnibescenci'.     Elytni 
*'iek.     I'nder  ."»itle.  legs  and  antenna?  piccaus.     Head  black,  densely  and 
*<>ilenitt'ly   coarsely   ])unct;ite.     Thonix  Mack,   liitcnl   mar;:iiis  arcuate, 
Uirely  viHi!)lcfrom  above;  base  lobcd,  with  two  viTv  dlstinci  bsi'^al  fovcjc, 
timely,  modemtely  coarsely  ])imctaie.  wiili  laiiii  >tri:i'  on  apii'al  ]Mirtion. 
ly  b'Mieath  moni  denst-l^'  puln'scciit.     Ab  linncu  wiilnmt  black  spt>is  at 
«'s  ;  legs  not  annulated.     LeriLMb  .'J7  inch  :  (i.  7  mm. 
'his  species  is  to  be  distim:ui'-li«'d   bv  the  unilnrm  color  of  thomx  and 
ni  and  of  their  pubescence,  by  the  deeji  thora«'ic  loNCii-  and  only  faint 
al  striie  on  elytm. 
\-urs  in  Florida. 

vulpinufl.     Elongate,  bhick,  convex,  clothed  with  sj>ar>e  cinereous 
cence.     Elytra  uniform  in  coK)r.     lleinl  di'nsely.  modemtely  coar'^e 
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ly  piinctjitc.     AiUcniiJV   rufous.     Thorax   vi-ry  convex  in   front,   Itittrnil 
niiirgin    iiol  visible   trom  ahovc,  finely  and  densely  punctate,  no  distinc-t 
basal  Ibveii',  ])ubescent  only  at  sides  and  front,  leaving  a  large  triangular 
median    space,    naked.      Scutelluni    clothed   with    oRinge-ye]low   hairs. 
Elytra  black,  finely  and  densely  punctate,  hanlly  any  appeamnce  of  ^triJe^ 
covered  with   sparse?,    cinereous,    semi-erect  pubescence.     Body  b<*neat]». 
clothed  with  long  dense  white  hairs,  a  row  of  black  siK)ts  on  each  side  ot 
abdomen,  the  fourth  segment  alone  marked  by  a  median  ]>it,  which  b«ir^-==a. 
a  bunch  of  l)i'own  hairs  ;  last  segment  brown,  except  two  white  8i>ots  oi^^ 
eithtT  sid(M)f  median  line.     Legs  covered  with  brown  hair.     Femoni  no*^:. 
distinctly  annulatcd.     Basal  half  almost  entirely  ycDowish-white.     Length  ^ 
.3t)  inch  ;  0  mm. 

The  male  nf  this  species  can  be  n?cognized  at  once  by  the  single  al  ^   - 
dominal  ]>it  on  the  fourth  segment  ;  the  female  by  the  convex,  naked  i^^  t 
disc,  thonix  :  the  uniform  color  of  the  upper  surface,  and  the  abdomim^^  I 
spots  and  indistintrl  markings  on  femora,  which  are  imi>ortaDt  cUanictcrar=s, 
common  to  both  sexes. 

ATTAQENUS  Latr. 
Ilejid  small,  front  wide  and  fiat,  ocellus  distinct.    Epistoma  short.  Ey^c^^ 

• 

round,  entire,   moderately  prominent.     Antennae   eleven-jointed,   teru^^^^' 
nated  by  a  three-jnintecl  elub.  which  varies  greatly  in  the  different  specie^'     ■"-• 
Mouth  parts  not  protected  liy  prosttrnum,  thorax  convex,  at  base  not -qui      — *^*^ 
twice  as  wide  as  long,  apex  half  as  wide  as  base,  which  is  strongly  L. 
sinuate,  si«les  arcuate,  hind  angles  prominent,     Scutellam  small  but  dfi^"   ^^' 
tinct.     Klytni    elongate.    m(»derately  convex,    apices    hanlly  seijarater    "^^ 
rounded.     No  antennal  fossjc,  prosternum  not  hibed  in  front,  broad  air" 
moderately  long,  except  in  f/r/Vo/er,  in  whicli  it  is  narrow  and  short,  p 
longed  behind  into  a  tip  which  is  acute,  and  extends  slightly  beyond  tl^^     ^^^ 
anteri<ir  coxm-.     Mesostenium   narrow,   moderately   long   (very   long  '" 

Jloniih,  suleate  :unerit>i'1y,  mesocoxa'  not  widely  sepanited.  PostenV  «^'<>r 
eoxal  plate  very. long,  prominent,  narrow,  obliquely  truncate  extcrnall,  ^^'.^• 
Leg-;  siout.  I'eiimra  channeled  beneath  for  tibia*;  first  joint  of  tarsi  vet  "^0' 
slu>rt.  'J- .")  >ueees^ivt'ly  larger. 

The  •li-tiiignishinir  eharaeters  of  this  genus  are  the  narrow,  emargina  ^^-^^^ 
moo^ieiinim.  prnsiernnm  >imple  in  front,  the  11 -jointed  autenme  air"  ^^'^ 
absenei-  of  antennal  fo^^a-,  and  the  hmg  prominent  hind  coxal  plate. 

The  tV»lli>\N  inii  table  is  ]>ut  torth  to  aid  in  separating  our  species  : 

Pro^ternnni  broaJ.  moderatelv  lonir. 
Elytra  unii'ormly  black  or  piceoiis.     Last  joint  of  male  club 
I'lUir  t>r  five  time<^  as  long  as  the  preceding  two  united. 
wliicli  are  Ncrv  small. 

Pubescence  on  t'ly tra  unitbrmly  dark  and  sparse pice 

PubcM-encf  on  elytra  den>e  and  white  cm  a  smooth  spot 

at  middle,  <»n  each  >ide  of  suture pellL 
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Klytiii  fulvous,  with  a  bl^ick  sub-basul  spot  and  longitudinal 
]>road  band  on  (Mtbcr  side  of  suture  extending  almost  to 
tlie  apex,  pubescence  uniformly  cinereous.     Last  joint  of 
inule  club  as  long  as  the  preceding  two  united,  which  are 
very  large  and  ecpml Homii. 

Elytra  blnck  with  a  sub-basal  sinuous   tmnsversc   piceons 
band,  which  bears  dense  whitish  pubescence,  all  three 

Joints  of  male  club  very  large  and  equal perplexus. 

l^rostemum  narrow  and  shoit. 

Elytni  black,    with   three,    more  or  less  confluent,   broad 
]>iceou8  spots  (m  either  side  of  suture  ;   whitish   pubes- 
cfnce  arranged  in   tliree  distinct  transverse  fasciie,  all  . 
three  joints  of  male  antennte  club  very  large  and  equal,  varicolor. 

A.  piceuB  Oliv.  Elongate,  convex,  black,  clothed  with  short,  senii- 
cnrct,  yellow  pubescence.  Head  coarsely  punctate,  sparsely  pubescent. 
Anlennie  rufo- testaceous.  Thorax*  black,  coarsely  i>unctate,  pubescent  at 
sides  and  base.  Scutellum  pubescent.  Elytni  black,  or  rufous,  coarsely 
punctured,  clothed  with  very  sparse,  brownish  i)ubescence.  Body  beneath 
black,  coarsely  and  densely  punctate,  clothed  with  semi-erect,  yellow 
hairs.  Prosternum  long  and  wide.  Legs  rulous.  Length  .14-.20  inch; 
3J-0  mm.     (Fig.  20.) 

^f^J^€.  Antenna'  with  first  joint  large,  suboval ;  second  smaller;  joints 
3-8  sniiill  ;  D-ll  forming  the  club,  of  which  the  first  two  joints  are  wide 
but  very  short,  the  last  wide,  extremely  long,  pointed  at  end — equaling  all 
the  preceding  part  of  the  organ.     (Fig.  22.) 

Fcmnle.  Antennal  club  compact,  not  quite  ecjual  to  all  the  pr(?ceding 
joints,  made  up  of  three  joints  of  which  9-1')  are  equal ;  while  the  last 
e(iuals  the  two  united.     (Fig.  23.) 

I'nder  this  name  I  have  included  rufipetutis,  dic/trous,  spurctin,  megatot/m, 
as  I  can  see  no  characters  by  which  they  can  be  separated.  Tlie  sparsely 
])ulics<*fnt  unifonnly  colored  elytra,  the  broad  prosternum  and  the  struc- 
lurr  of  the  male  antennie  are  diagnostic. 

Occurs  everywhere. 

A.  pellio  Linn.  Elongate,  convex,  black,  clothed  with  short,  semi- 
ert'Ct,  browu  hairs  ;  head  coarsi'ly  punctate,  pubescence  sparse,  brown  and 
erect,  antenna'  rufo-testace(ms,  club  cinereous.  Thorax  coarsely  punctate, 
base  and  angles  clothed  with  white  pubescence  ;  scutellum  pubescent. 
Elytra  black,  sparsely  pubescent,  a  snnill  smooth  spot  on  either  side  of 
Miture  is  clothed  with  dense  whhe  hairs.  Body  beneath  black,  coarsely 
punctate,  pubescence  yellow,  semi-erect.  Prosternuuj  wide,  moderately 
long ;  alKhmiinal  segments  rufous,  margined  with  black,  pubescent. 
Length  .21  inch  :  5.5  mm.     (Figs.  29.  :U).) 

Mdlt'.  Antennal  club  with  joints  9-10  very  small — last  joint  very 
large,   as    long  as  all  the   remaining  portion   of  the  antenna*. 
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"v^-  liich  it  can  be  CtOsily  distinfifuijilH'd  by  tlie  narrow  short  prostcrnuin  anil 
T>r-<va(l  ronflur.Mit   piceous  spots   on   tho  Hytru  of  Ihc  lattiT. 
<)c(urs  in  Xevjula. 

-A.  varicolor,  n.  8p.     Elonjrali*,   (•()nvcx,   black,   covered  with  whitish- 

3""  « *  How,    semi-erect    pubescence.     Head   and    thorax  coarse!}-  punctate, 

1>  "i-x  bi'scent.      Anteunoc    rufous.     Scutellum    pubescent.      Elytra    black, 

<'^  «3>t lied  with  black,  semi-erect  pubescence,  marked   by  three   irregular 

*-'**'^  nsverse  continent  rufous  spots,  with  three  sinous  transverse 'iMinds  of 

^"^^  ^  »iie  semi-erect  pubescence.     Body  beneath   black,   punctate,   covered 

"^^""  5  th  short,  cinereous  hairs.     Prostcrnuni  verv  short  and  narrow.     Legs 

^"•"^  ^o-tustaceous.     Length  .10  inch  ;  4.  mm.     (Fiiiis.  20.  21.  27,  2S.) 

^Vttfe,     Antennal  club  not  ipuie  twice  as  long  as  all  the  ])receding  por- 
"^  *  •  >  n,  with  joints  9-11  very  large  ;  last  joint  only  slightly  longer. 

.^\nvtle.  Antennal  club  small,  equal  to  all  the  preceding  joints  united. 
^^^  *-*  t  jciint  almost  eqmil  to  the  two  others  together. 

The  distinguishing  characters  of  this  species  are  the  narrow  prosternum; 
'^  "t  X-  1  ictunt  of  male  antennal  club  ;  the  elytra,  black  and  piceous,  bearing 
^  1  *  r-tM*  distinct  white  fascirc. 

<  >ecur8  in  the  Pacific  States. 

DEARTHRUS  T.ec. 

^  lead  as  wide  as  anterior  border  of  thorax.     Eyes  round,   large,   very 

1~*  ""^^  ininent,  entire.     Antenniu  0-jointed,  terminated  by  a  ;i  jointed  club 

y  '^  ?-s: .  :W).     Thonix  not  twice  as  widi^  as  long,  slightly  bisinuate  at  base. 

-*"—  ^  ^^tra  elongate,  sides  nearly  parallel.     Prosternum  one-third  as  long  as 

>  «  le.  tip  subacute,  not  produ<'ed  beyond  anterior  coxa-.     No  true  anten- 

'*  1     fii>s:e.     Meso^ternum  narrowlv  divided.     M«»soe«)\:u  not  widelv  sepa- 

^^  •■'*'<  -d  (fig.  '.12).     Metasternum  short,  side  piec(.'s  wide.     Posterior  rt>\ii»  not 

^  *  =  "*  «  •liinu:  the  sides  of  bodv.     Coxal  plates  >iiort  and  wide.  eov(?rinur  more 

*-•■■■»  basal  half  of  femor.i.    Im^s  slender,  fust  four  ji»ints  of  tarsi  sfibecpial, 

"^  *^  t.  joint  much  longer,  hardly  e(pial  to  all  the  otiiers  taken  t«»ireti»er. 

^^       "^"*  his  irenus,  founded  uixm  one  species,  has  been  mergi'd  into  Affiitjcnnft^ 

*~*^  »  IL  which,  however,  it  is  umloubtedly  distinct.     The  1>  jointed  antenufe. 

peculiar  prosternum.  the  narrowly  divided  mesosternum,  the  short 

*^^t    wide]M)3teri()rci)xal  plates  like  those  of  Tro'jtt'Jt.riint  and  allied  geneni. 

^    *^*^^   tinallv.  the  entire  fades  of  the  insect,  are  cliaracters  too  important  to 

*    «  *rtTl(K>kcil  or  uniU'rcstiiiiiUod. 
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.  longulns  Lec.     Elongate,   compresscil.   black,   clothed  with  sparM; 

""     *^^  I  «.»w  semi -erect  jiubescence.     llea^l  bla<'k,  coarsely  punctate,  •ipar^ij'lv 

*^>c'pcent.     Thorax  coarselv  punctate.  spars«'lv  pubescent.     Klvtra  Idack 

t>iceous.  coarsely  punctate,  spars«'ly  pubcsei'iit.     Mody  ben<'atli  rufous, 

^  *  **ler:itely  coarsely  punctate,  clotiied  with  sparse,  cinereous  pubor-erice. 

^**^loniinal   segments  rufous,   margined   with  rutb  testaceous,    punctate, 

**^*»«»scent.     Legs  rufous.     (Fig.  :U.) 

'^-cngth  .1  inch  ;  2.5  mm. 


L 


^•.  "    ^^Hndrioum  Kby.     Oblong,  oval,  piceous,  shining,  sparsely  clothed 

p;y       ^^^^^clemtely  short,  scmi-ercct,  easily  removed,  cinereous  pubescence. 

]^^,    ^'*^     iinifonuly  piceous  or  marked  by  two  transverse  rufous  bands. 

'p^  ^'^iarsely  and  densely  jiunctate,  pubescence  sparse.  Antennte  rufous. 

gg     ^^^  very  densely  and  coarsely  punctate,  moderately  densely  pubescent, 

ai^  ^  ^-^^lly  at  sides.  Elytra  less  densely  and  coarsely  punctate,  either  black 

^y^^      ^^*^iformly  pubescent  or  marked  by  two  piceous  bands  at  apical  and 

j^         ^    third,  to  which  the  pubescence  is  more  closely  adherent.     Body  be- 

pj  ^    *^    piceous,  coarsely  punctate,  moderately  densely  pubescent.     Legs 

^■^'*^Xis.     Length  .lli-.16  inch  ;  3.2-4  mm. 

j^    *  ^*^U\    First  and  second  joints  of  antenme  large,  sub-equal,  3-8  very 
Hi\^  jj_U  forming  a  club  wiiich  is  longer  than  all  the  preceding  joints 
.  '^•^ther.  the  first  nearly  as  large  as  the  second,  and  the  last  longer  than 
^  other  two  together,  and  pointed  at  tip.     (Fig.  37.) 

^^rnale.  Club  of  antenniB  only  half  as  long  us  the  preceding  joints 
'^RiPther,  last  joint  not  much  larger  than  second,  obtusely  pointed  at  lip. 
^^'ig.  :J8.) 

Occurs  from  Hudson  Bay  Territory'  to  California. 

Certain  specimens  from 'California,  in  Dr.  LeConte's  collections,  differ 
'^mewhat  in  the  ornamentation  of  the  elytra.  Dr.  Horn  describes  them 
as  follows  : 

Specimen  a.  Uniformly  piceous,  pubescence  normal,  slightly  denser  at 
the  sides  of  the  thorax  (anfjulnris  Mann). 

Specimen  h.  Similar  to  a,  but  with  the  pubescence  adhering  more 
closely,  and  forming  a  very  indistinct  sinuous  band  at  basal  ami  apical 
third. 

Specimen  c.  Elytra  with  sinuous,  transverse.  rufo-])iceous  bands  at 
upicjil  and  basal  third,  to  which  the  pubescence  is  very  (rlos(^ly  adherent, 
musing  the  elytra  to  be  conspicuously  marked. 

This  species  is  easily  recognized  by  the  uniform  color  of  the  pubescence 
and  by  the  antennal  club. 

P.  fidstim  Horn.  Form,  color,  and  ornamentation  as  in  ryliudricum, 
variety  c.  The  pubescence  of  the  elytra  is  bicolored,  composed  of  pale- 
hrownish  and  grayish-white  haire  intermixed,  the  former  forming  a 
nsirrow,  transverse  band  in  front  of  th(i  rutous  bands  of  the  elytra. 
Length  .14  incli ;  3^  mm. 

JdnU.  Club  of  antennae  slightly  longer  than  all  the  prece<ling  joints 
together,  first  joint  extremely  short,  but  nearly  as  wide  as  the  second,  ter- 
minal joint  more  than  twice  as  long  as  the  two  preceding  together,  and 
liointed  at  tip.     (Fig.  41.) 

Female.  Club  of  antennae  not  longer  than  the  preceding  joints  taken 
together,  first  joint  much  shorter  than  the  second,  terminal  joint  slightly 
longer  than  the  first  two  united,  and  but  little  longer  than  Avide,  oval  at 
tip.     (Fig.  42.) 
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Occurs  in  California,  and  is  to  be  known  by  the  short  first  joint  of  tl 
antcunal  club. 

P.  variegatum  Horn.     Oblong-oval,  piceous  or  piceo-rufous.     Elytr 
with  two  sinuous  transverse  bauds  of  nifous,  with  dense  white  pubescen 
Head  and  thorax  densely  punctured,  covered  with  intermixed  pale-brow 
and  white  hairs.     Elytra    oblong-oval,    sides    sub-parallel,   surface  les-^^  ^       "^= 
densely  punctured  than  the  thorax.     Color  piceous,  with  a  sinuous  nifou  jk:  ^  " 

band  at  basal  and  another  at  apical  third,  rather  densely  covered  witK  -M         - 1 
white  pubescence,  the  remainder  of  the  surface  with  intermixed  pale-browi: 
and  whitish  hairs.    Body  beneath  densely  punctured,  sparsely  covere» 
with  cinereous  hairs.     Antenme   rufous  or  pale  brown.     Length  .20-2 
inch  ;  5-0.5  mm.     (Fig.  3(5.) 

Male. — Club  of  antenna;  not  quite  equal  to  the  preceding  joints  unitccV 
first  joint  as  lar^re  as  second,  terminal  as  long-  as  the  first  and  secon* 
together,  and  pointed  at  tip.     (Fig.  39.) 

Female.    Club  of  antenme  not  longer  than  preceding  joints  togethe 
first  two  joints  nearly  ecjual,  and  the  terminal  shorter  than  the  other  twi 
united,  oval  and  sliglitly  oblicjuely  truncate  on  the  inner  side.     (Fig.  40. 

(Occurs  in  California  and  Oregon.     This  species  is  larger  and  broade 
than  the  two  just  considLTcd.     It  may  be  recognized  by  the  bicolored  p 
bescence  and  the  structure  of  the  antennal  club. 

P.  Belfragi  Lcc.     Structure,  color  and  ornamentation  similar  to  th* 
preceding  species,  but  the  form  is  decidedly  more  elongate.     Length  .2r 
inch  ;  5.5  mm. 

Male.    Clul)  of  antenme  of  five  joints,  twice  as  long  as  all  the  prec^ding^  ^ 

joints  united,  first  and  second  joints  moderately  wide,  but  short,  subequal  ^  -^^^  ^ 
third  and  fourth  much  wider,  and  twice  as  long,  terminal  as  long  as  th(^  -^ 
four  preceding  together,  and  obtusely  pointed  at  tip.     (Fig.  43.) 

Feimile.     Club  of  antenme  of  five  joints,  about  equal  to  the  preeedin 
joints  united  :  terminal  joint  hardly  equaling  third  and  fourth,   almost* 
globular.     (Fi<2:.  44.) 

Occurs  in  'I'exas. 

ACOLPtrS,  n.  g. 

Head  as  wide  as  front  margin  of  thorax.     Frontal  ocellus  distinct.    EyeSf 
lari^e,    prominent,    round  and    entire,    moderately  coarsely   granulated^ 
mouth  parts  fn-e,  antenna?  1 1 -jointed,  thorax  about  twice  as  wide  at  Iws^ 
as  lonij^.  ai)ex  only  one  fourth  as  wid(^  as  base,  sides  arcyatc,  lateral  mar 
gins  somewhat  tlattene*!.  hind  angles  prominent,  base  bislnuate.    Scutel 
lum  small,  nearly  covered  ])y  the  thorax  ;  elytra  about  twice  as  long  ai 
wide,  side^*  subparallel,  apices  slightly  separately  rounded  ;  no  antenna 
fossjc  ;  spaces  between  i)rosternum  and  lateml  margin  concave,  coarsely^ 
l)unetate  ;   prosternum  broad,  moderately  long,  produced  posteriorly  int<^ - 
an  acute  lonir  tin,  eonii)letely  divi<ling  the  mesoslernum,  which  is  wld 
Mesocoxje   iliertl'ore  widely  separated.     Mesostcrnum  short,  side  piece 
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svide ;  hind  coxre  moderately  long,  narrow,  coxal  plates  only  attaining 
side  pieces.  Legs  stout,  reacliing  sides  of  body  ;  first  joint  of  tarsus  long, 
second  shorter,  third  and  fourlli  still  snialler,  the  fiftli  equals  tlie  first. 
This  genus  differs  from  Trogodernia  by  tlie  absence  of  the  antennal  fos- 
sw.     There  is  but  one  species. 

A..  primtiB,  n.  sp.  Elongate,  moderately  convex,  black,  clothed  with 
v«*ry  sparse,  semi-erect,  moderately  long,  cinereous  pubescence.  Elytra 
piceous.  with  a  moderately  broad  transverse  sinuous  band  on  the  basal 
third  yellow,  antennae,  abdomen  and  legs,  piceous.  Head  densely  and  very 
coarsely  punctate,  antenna  11-joiuted  ;  joints  1-2  large  ;  3-5  much 
smaller  ;  6-11  large  and  wide,  forming  an  elongate  serrated  club.  Thorax 
very  densely  and  coarsely  punctate,  pubescent  at  sides.  Elytra  coarsely, 
much  less  densely  punctate  ;  a  transverse  depression  across  the  base, 
picoous  except  a  transverse  sinuous  yellow  band  at  the  junction  of  the 
basal  and  middle  thirds,  which  is  moderately  broad  and  directed  slightly 
forward,  and  somewhat  more  dense^ly  covered  with  lighter  hair.  Body 
l)oneath  rufous,  very  coarsely  pun(5tate,  pubescence  shorter,  more  dense 
iind  recumbent.    Length  .08  inch  ;  2mm.     (Fig.  45.) 

Two  specimens  from  Texas  in  Dr.  LeConte's  cabinet,  from  Mr.  Bel- 
frage. 

The  single  light  band  on  the  elytra  will  serve  as  an  additional  character 
to  separate  this  species  from  any  of  our  known  IVogodcrnui. 

TROGODERMA  Latr. 

Oblong,  convex,  dark,  elytra  marked  with  sinuous  rufous  bands,  bear- 
in  g  light  pubescence.  Head  small,  a  distinct  ocellus,  front  flat,  clypeus 
Bliort.  Eyes  prominent,  moderately  coarsely  gninulated,  round,  entire  in 
fimpleXf  sUmale  and  ornatum,  emarginate  in  front  in  indusum.  Thorax 
very  convex,  twice  as  wide  at  base  as  long,  base  three  times  as  wide  as 
apex,  bisinuated,  slightly  produced  sub-acutely  in  the  median  line,  sides 
arcuate,  hind  angles  moderately  prominent.  The  antenna;  are  11 -jointed, 
terminated  bv  a  club  which  is  0-jointed  and  stronglv  serrate  in  the  males 
of  sieruale  and  (ymatuniy  7-jointed,  not  pectinate  in  the  males  of  indnsutn, 
and  5-jointed  in  the  females  of  nimplfx,  and  -l-joinlVd  in  the  females  of  the 
otiier  species.  Scutellum  moderately  large,  uncovered.  Elytra  with 
si<les  sub-parallel,  apices  separat<?ly  rounded. 

Antennal  fos.sa  occui)ying  the  entire  space  between  the  prosternum  and 
latenil  margin  of  thorax,  except  in  siwpl(j\  wliere  they  are  limited  to  the 
anterior  part  ofthe  prosternal  suture.  Prosternum  moderately  l)rc>a<l  ami 
long,  not  lobed  in  front,  produced  behind  into  a  long  tip,  which  is  bn)ad, 
entirely  dividing  the  mesosternum  in  niniph\i\  omaf'ffn  and  indusmu,  acute 
in  Hteritnh ^  the  mesosternum  being  only  deeply  emar.Lnnated.  Me-^oeox.-e 
very  widely  separated.  I'osterior  eoxal  plates  moderately  l(»nir  and  wide, 
not  reaching  the  sides.     Legs  stout,  femora  grooved  beneath  to  receive 
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oneath  black,  clothed  with  cinereous  pubescence,  coarsely  punc- 
^Vntenual  fosstc  deep  and  large.     Prosternum  long  and  moderately 
tip  broad,   sub-carinate.     Mcsosternum  completely  and  broadly 
L    to  receive  prosternum.     Abdominal  segments  black  or  rufous, ' 

V  punctate  and  pubescent.     Legs  rufous.     Length  .OS-. 20  inch  ; 
I-     (Figs.  46,  47,  48.) 

.     Antennu?  with  joints  1-2  large  and  equal,  globular,  3-5  small  and 
ir.  6-11  strongly  pectinate,  forming  the  club. 
ile.     AntennuD  with  joints  1  and  2  almost  equal,  large,  globular, 
all,  globular,  8-11  forming  the  club. 

species  may  be  separated  by  its  entire  eyes,  the  character  of  the 
iii\  the  large  antennal  fossa?,  the  broad  tip  of  the  prosternum  and  the 
•  divided  miisosternum.     It  is  of  moderate  size, 
urs  everywhere. 

iternale,  n.  sp.  Oblong,  black,  clothed  with  sparse,  black,  semi- 
pubescence.  Elytra  black,  with  three  irregular  confluent  bands 
piciil  and  basal  spots  of  red,  bearing  whitish  pubescence.  Head 
ily  punctate,  sparsely  pubescent.  Eyes  entire,  moderately  promi- 
Antenna*  rufo-testaceous.  Thonix  coarsely  punctate,  sides  and 
Jearing  whitish  pubescence.  Elytra  black,  with  three  variable  rufo- 
eoiis  bands,  bearing  white  or  gray  pubescence,  the  .rest  sparsely 
!(l  with  black  hairs.  Body  beneath  pic(;ous,  coarsely  punctate,  with 
5IH1S  pubescence.  Antennal  fossa  moderately  deep,  occupying  all 
>:ice  between  prosternum  and  lateral  margins.  Prosternum  short, 
ratcly  wide,  tip  convex  and  acute.  3Iesosternum  deeply  incised  but 
itirely  divided.  Abdominal  segments  piceous  (variable  to  rufous), 
margins  testaceous.  Legs  rufous.  Length  .08-.  16  inch  ;  2-4  mm.- 
50.) 

e.     Antenn.T  with  joints  1  and  2  large,  3-5  small  and  equal,  6-11 
i;r  a  deej)ly  pectinate  club  ;  joints  10  and  11  are  usually  connate. 
>aU.     Antenna?  with  joints  1  and  2  large,  4-7  small,  8-11  forming 
ub.  ^ 

distinctive  characters  of  this  species  are  the  entire  eyes  ;  pectinate 
ue  ;  ljirg(!  antennal  fossa* ;  acute  tip  of  prosternum  and  the  meso- 
m  only  deeply  incised.     It  is  the  smallest  form  in  the  genus, 
urs  in  California.  New  Mexico,  Arizona,  Texas,  «kc. 

icluaum  Lee.  Oval,  somewhat  oblong,  black,  clothed  with  moderate- 
Z  semi-erect  black  pubescence.  Elytni  with  four  sinuous  confluent 
of  red,  bearing  whitish  pubescence.  Head  coarsely  and  densely 
ired,  <iuite  sparsely  ])ubescent.  Eyes  deeply  emarginate  in  front, 
;ry  i)rominent.  Antennie  testaceous.  Thomx  finely  punctate, 
it«*Iy  sparsely  pubescent.  Elytra  black,  with  four  irregular  bands 
bearing  grayi.<th  pubescence,  the  rest  with  sparse  black  pubescence, 

V  punctate.     B(Kly  beneath  piceous,  coarsely  punctate,  with  cine- 
ecumbent  pubescence.    Antennal  fossa  deep,  occupying  nearly  all 
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Tlxc  species  can  bo  tabulated  as  follows  : — 

Elyt  ni  with  two  sinuous  transverse  bands,  Iiumeral  ring, 

1^  lul  apical  si)ot  of  yellow isli  white  pubescence balteatum. 

EIrt  ■"«  sparsely  and  uniformly  pubescent. 
I*«->.sterior  thinl  distinctly  lighter  in  color  tliuu  the  re- 
mainder.    Both  joints  of  the  antennal  club  sub- 
equal  ;  metasternum  finely  and  sparsely  punctate. .  hemorrholdale. 
A.i>ox  only  distinctly  lighter  than  remainder. 

Last  joint  of  antennal  club  much  smaller  than  pre- 
ceding. Metasternum  coarsely  and  densely  punctate,  aplcale. 
Elytni  uniform  in  color.      Last  joint  of  antennal  club 
smaller  than  preceding. 
Tlmnx    finely  and    densely  punctate  ;    sides    nearly 

arcuate  and  hind  angles  acute  in  the  male triste. 

TUora.x  almost  smooth  ;  sides  greatly  dilated  and  hind 

angles  retracted  in  the  male nificome. 

C.  balteatum  Lee.  Oval,  convex,  piceous  or  fuscous,  clothed  with 
HMxlemtely  long,  yellowish,  semi-erect  pubescence.  Elytra  marked  by 
two  tnuis verse  sinuous  bands,  a  humeral  ring,  and  apical  spot  of  longer 
[  wbiii>h  pubescence.  Head  coarsely  punctate.  Antennie  fuscous,  terminated 
ijyalarge  S-jointed  club.  Thonix  convex,  hind  angles  acute,  moderately 
finely  punctate,  pubescence  more  dense  at  sides  and  base.  Scutellum 
•mall,  nak(Hl.  Elytra  coarsely  punctate,  piceous,  sparsely  clothed  with 
Mnii-fTect,  yellow  and  black  pubescence,  with  humeral  ring,  two  trans- 
verse bands,  ami  ai>iciil  spot  of  dense  whitish-yellow  hairs.  Body  beneath 
black  or  piceous,  coarsely  punctate?,  covered  with  fine,  long,  semi-erect, 
yi'linwish-while  pubescence.  Metasternum  modenitely  finely  punctate. 
AMoinen  fuscous,  coarsely  punc.'tate,  densely  pubescent.     Legs  rufous. 

*^ftlf.  I  liave  not  been  able  to  see  any  males  of  this  species. 
I  Ftinnlf.  Antennal  club  elongate,  made  up  of  two  joints,  nearh'  equal, 
*U)iu  as  wide  as  hmg,  together  eriualing  all  the  preceding  joints.  The 
dab  JH  received  into  a  fossa  which  occupies  only  the  anterior  half  of  the 
*piCf  between  the  prosternum  and  lateral  margin,  is  almost  circular,  and 
*Pl>far?  to  lie  transversely.     Length  .10  inch  ;  2.5  mm.     (Fig.  44.) 

Tlii'ilislinguishing  characters  of  this  species  are  the  coarsely  punctate, 
PitTDus,  fasciate  elytni,  and  the  .struct ur<;  of  the  antennal  club, 

Tlu' Ivinded  elytni  give  the  in>ect  the  appeanince  of  a  Trorjodtrma,  but 
^^  Ki'neric  characters,  already  given,  serve  to  separate  this  species  with 
cenaintv. 

0<«urs  in  the  Pacific  States.  , 

C.  hemorrhoidale  Lee.  Eloni;ate-ovaI,  moderately  convex,  reddish - 
brijwn,  clothed  with  mmlenitelv  lonir.  vellow.  semi-en-ct  pubescence. 
%lnireildish-bn»wn,  posterior  third  lighter.  Head  black,  very  coarsely 
ind  densely  punctate,  sparsely  pubescent.    Antenniv  light  brown.   Thorax 
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convex,  moderately  finely  punctate,  pubescence  long  and  yellow.  Scutel- 
lum  naked  and  rough.  Elytra  black  as  far  as  the  posterior  third,  which 
is  piceous  or  rufous,  very  sparsely  pubescent,  coarsely  and  mtHlerately 
densely  punctate.  Body  beneath  black,  coarsely,  except  the  metasternum, 
which  is  finely  punctate  ;  imbescence  long  and  yellow.  L;*g8  with  thighs 
rufous,  tibia;  and  tarsi  lighter.     Length  .00  inch  ;  2.1  mm. 

Male.  Antennal  club  very  large,  coniposed  of  two  sub-equal  joints, 
almost  disc-shaped,  and  twice  as  long  as  the  preceiUng  segments  unhed. 
(Fig.  45.) 

Female.  Antennal  club  of  two  sub-equal  Joints,  together  only  as  long 
as  all  the  other  joints  united.     (Fig.  40.) 

The  important  characters  which  enable  us  to  separate  this  species  are, 
the  constant  light  color  of  the  posterior  third  of  the  elytra,  the  oval  antea- 
nal  club  of  two  sub-equal  joints,  and  the  finely  punctate  metasternum. 

Occurs  in  the  Southern  and  Western  States. 

C.  apicale  Mann.  Elongate,  convex,  black,  sjiarsely  clothed  with 
moderately  long,  yellowish,  semi-erect  pubescence.  Head  coarsely  punc- 
tate, sparsely  pubescent.  Antennae  light  brown.  Thorax  with  hind  angles 
acute,  black,  finely  and  densely  punctate,  pubescence  sparse.  Sculellum 
small,  scabrous,  naked.  Elytni  black,  apex  rufous,  coarsely  punctate, 
pubescence  sparse,  yellow  and  black  ;  apex  usually  clothed  with  dense 
yellow  hairs.  Body  beneath  black,  moderately  coarsely  punctate,  spmselj 
pubescent.  Metasternum  very  coarsely  punctured.  Abilomen  black  or 
piceous.     Legs  rufous,  tibije,  etc.,  lighter.     Length  .11  inch  ;  2.3  mm. 

Mall'.  Antennal  club  elongate,  of  two  joints,  the  last  of  which  is  half 
as  long  as  the  preceding,  together  twice  as  long  as  all  the  others  united. 
Club  received  into  a  fossa  which  extends  almost  to  the  posterior  angle  of 
lateral  space.     (Fig.  57.) 

Female.  Antennal  club  as  in  male,  but  only  half  as  long  ;  the  loss* 
occupies  only  the  anterior  half  of  the  latenil  space.     (Figs.  58,  59.)  i 

The  ])rominent  characters  of  this  speci(\s  are  found  in  the  apical  color 
of  the  clyti-a,  the  coarse  puncturing  of  the  metasternum  and  the  elongate 
antennal  diib,  composed  of  two  unequal  joints. 

()('curs  in  (Jalifornia. 

C.  ruficorne  Lee.  Sub-oval,  (ronvrx,  black  or  i)iceous,  clothed  with  yel- 
lowish s(Mni-erect  jmlx^sctMice.  Head  coarsely  punctate,  pubescence  »p^ 
and  yellow.  Antc.'nn.e  verv  light,  almost  testaceous.  Thorax  convex: 
in  the  mnlc?  the  lateral  mari'ins  are  stronjrly  dilated  over  the  antennal 
fossje  and  tin*  hind  aui^lcs  are  retracted,  very  finely  and  simrsely  p"D^' 
tured,  pnluscent  at  side*;.  Scutellum  naked,  black.  Elytra  piceons, 
r'oarsely  i»un(tiire(l,  clothed  with  sparse  yellow  and  black  hairs.  B<^.^ 
beneath  almost  black,  coarsely  punctured,  sparsely  pubescent.  Metaster- 
num very  coarsely  punctate.  Legs  rufous.  Length  .08  inch ;  2  nin»- 
(Fig.  01.) 
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'^^Jk.  Antcnnal  club  very  broad — in  other  respects  like  the  preceding 
ppfoies. 

^«''niV.     Antcnnal  club  like  the  preceding  species. 

This  form  may  be  easily  distinguished  by  the  plain  piceous  elytra,  the 
almost  smootli  thorax,  wliich  in  the  male  has  the  margin  dilated  and  con- 
vex where  it  forms  a  roof  for  the  antcnnal  fossa,  and  the  hind  angles  re- 
triicted.    The  male  club  is  very  light  in  color  and  extremely  broad. 

Occurs  in  California. 

C.  triste    Lee.     Elongate-oval,  black  or  piceous,  convex,  clothed  with 
*1?irse,  yellowish -red,  scml-erect  pubescence. 

Head  coarsel)'  punctate,  pubescence  sparse  and  yellow.  Antennte 
^'ght,  last  joint  rufous  or  black.  Thorax  convex,  hind  angles  acute  in  both 
'cxtrs.  finely  but  very  densely  punctured,  sparsely  i)ubescent  at  sides. 
Spuielhim black,  naked.  Elytra  entirely  black,  moderately  coarsely  pimc- 
^te.  pubescence  very  sparse,  yellowish-red.  Body  beneath  black, 
^vcred  with  sparse,  fine,  yellow,  semi-erect,  hairs.  Metaaternum  very 
'^o.inely  punctate.  Legs  entirely  rufous.  Length  .08  ineh  ;  2  mm. 
fPig.  60.) 

MiU.     Antcnnal  club  as  in  preceding  species  but  more  elongate  and 
darker. 
Female.     Antcnnal  club  as  in  ruflcornr..  djirker. 

The  distinguishing  characters  are.  the  plain  dark  colored  elytra,  the 
finely  but  very  densel)'  punctured  thorax,  and  the  elongate  antcnnal  club 
of  two  unequal  joints. 

I  can  see  no  valid  difference  between  this  species  and  ingricorne  Lee. 
*nd  piricnrnc  Lee  ;  fiucnliim  Lee.  appears  to   be  only  a  smaller  variety 
^hich  is  more  pubescent. 
Oncur.'*  everywhere,  in  the  Atlantic  region. 

AXINOCERtJS,  n.  g. 

Head  large,  front  convex  between  the  eyes,  clypeus  forming  an  angle 
^ith  the  front,  retracted  (Fig.  04).  Eyes  large,  glol)ular,  finely  granu- 
Ut<f(l,  entire,  a  distinct  ocellus.  Antenna'  inserted  under  the  angle 
*'^nne(l  by  the  meeting  of  the  clypeus  and  front,  of  (dcven  joints,  bearing  an 
^ttormous  securiform  club  of  one  joint.  (Fig.  iVX)  Thorax  about  twice 
**  wide  at  base,  as  long  ;  apex  l(**is  than  half  the  width  of  the  l)ase,  mar- 
?'D^1 ;  sides  arcuate,  slightly  flattcmed,  margined  ;  posterior  angles  acute, 
*****  slightly  bi>4inuate.  broadly  lobed  at  mid<lle,  lobe  truncate.  Scutel- 
»um  sm:ill.  Elytra  with  humeral  angles  not  prominent,  sides  arcuate, 
•pi<*e»  separately  rounded.  Antcnnal  fossa  large,  somewlmt  triangular, 
*^cupying  the  entire  space  between  prosternum  and  lateral  margin. 
*'>uih  parts,  except  labrum,  covered  by  the  prosternum,  which  is  broad, 
*ft>tl(»ratHy  long,  the  anterior  margin  somewhat  detlexeil,  the  ti])  broadly 
Provluceii  posteriorly,  dividing  the  mesosternum.     Mesocoxjc  widely  sepa- 
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forthfl  tihi.B,  whioli  are  quito  slender.     Fir.'*t  four  joints  of  tarsi  small, 
Rul)c' |'i:il.  tL-inu'iiil  j.)inr  in;i"lv'  :n  1i):ij:  as  tli-.i  f.)ur  unitfvJ. 

This  gonus  possesses  very  dlsiinct  cUanioters  by  which  it  may  bo  sepa- 
nted  from  all  others,  viz  :  The  short,  broad  form  :  the  thorax,  so  wide  at 
bai^jsind  uarrow  in  front,  with  the  antonnal  fossue  dividing  its  latcnil  mar- 
gin; ili(»  nirmth  pans  covered,  except  the  labrum,  by  the  prosternum  ; 
the  widely  sepamted  mesocoxie,  and  final!}'  the  clothing,  consisting  of 
larjje  or  small  variegated  scales. 

Tiie  following  table  will  enable  us  to  recognize  the  species  : 
Antenna?  ll-joinied  ;  club  3-jointed. 

Eyes  emarginate  ;  scales  coarse,  large,  triangular,  as  wide 

as  long.     Antennal  club  oval Bcrophularies. 

Eyes  entire  ;  scales  fine,  not  triangular,  three  times  as  long 

a«  wide.     Antennal  club  oblong varios. 

Antenna?  8-jc»inteil ;  club  2  Jointed. 

Eyes  cntin;,  scales  small,  triangular mnaeornm. 

Antenna*  o-jointed  ;  club  of  a  single  very  long  joint. 

Eyes  entire,  scales  small,  triangular claviger. 

A.  B3rophularl8B  Linn.  Ovate,  moderately  convex,  black,  clothed  with 
lariji*.  triangular,  black,  white,  an<l  orange-red  scales.  Elytra  marked  by 
*  siiinnil  longitudinal  band  and  apical  spot  of  orange-red  scales  and 
1^0  transverse  bands  and  bitsal  spots  of  while.  llea<l  black,  coarsely 
punetjite.  thickly  covered  with  black  scales,  a  f<*w  orang(;-red  scales 
•around  the  eyes  and  on  clypeus.  Eyes  <Mnarginate  in  fiont,  not  very 
Kuminent.  Antenna^  black,  li-jointcd.  terminated  by  a  broadly  oval 
•'jointed  idiib,  which  is  «s  long  a*<  all  the  i)receding  joints  united. 
Thorax  black,  roarscdy  punctate,  disc  covered  with  black,  sides  and  base 
^'di  >\hiie  and  oranjie  scales.  Scut<*lluni  hardlv  visible.  Elvtra  black, 
ninstlv  covered  with  black  scalrs,  but  the  suture  is  broadlv  oranire  with 
three  eipii-distant  lat»Tal  ju-ojections  of  the  sanu>  color,  the  first  two  of 
^liieh  join  sinuosw  whit<*  bands  ;  the  postt'rior  is  obscurely  connected  with 
^n  :ipi(.*;il  oningi*  spot  ;  usually  a  distinct  basnl  white  spot.  Body  beneath 
^>Wk.  covered  with  white  and  on»ng<"  scab's.  Fir>t  abdominal  segment 
^ilh  two  naked  holh)Ws,  on  each  sid(^  of  bnse.  to  re<'t'iv(^  th(»  posterior 
f»*nmr;i,  last  four  wijh  lat<'ral  black  spots  ;  terminal  segment  with  a  large 
^Ni;in  rpnidrilateral  black  sjiaee.  Legs  bhu-k  or  rufous,  femora  ch)thed 
»p:irs«lv  with  white  and  yellow  seales.  Lenirth  .0!)-.14  inch  ;  'J.ti-;J.5  mm. 
fPijrs.  r>ri.  (V,».) 

A  oonnnon  and  wiilely  distributed  spr'cies.  to  be  recognizi'd  by  the  emar- 
pnnteeyes,  large  scales,  and  broadly  (»val  ant<«nnal  club.  The  oinamenta- 
U'm  varies  irreatlv  in  color  and  arr.ni'jfcmeut.  The  entire  color  of  the 
^I'lKT  surface  may  be  altered,  the  oranire  in  the  sutur:\l  band  may  be 
'^'l»l:i(,Td  bv  while,  auil  the  transverse  bunds  mav  become  indistinct  and 
^iniill,  or  again  large  and  contluent. 

Two  varieties  dependent  on  the^c'  changes  are  to  be  found  in  our  fauna. 


Amer.  Phil.  Soa,  Philadelphia,  Vol. 


Plate  4. 


70 


> 


"i?<D 


u 


/ 


ei 


Ti 


I 


wliitish.    Eyes  very  prominent,  entire.     Antennte  brown,  8-jointcd  ;  first 

jr>f  II  t  is  large,  globular,  2-C  small,  longer  tlian  wide,  7-8  forming  the  club. 

Ion  ^er  than  wide,  equal,  together  not  making  up  quite  one-halt' the  entire 

ftn  t  c^nna.    Thorax  covered  with  scales,  brown  at  disc,  yellow  and  white  at 

tlic3    Slides  and  base.     Scutellum  hardly  seen.     Elytra  bmwn,  covered,  not 

<lex-i  «ely,  with  brown  and  white  scales,  marked  by  three  irregular  indistinct 

^>i»  uou?  bands  and  humeral  spot  of  white.     Bod}'  beneath  brown,  covered 

"^'i  t  li  Hmall,  triangular,  cinereous  scales,  a  row  of  black  spots  on  each  side 

^f    *^bdomen,  no  naked  hollows  on  the  first  segment,  and  a  faint  niedian 

^ls'*.c-k  si)ot  on  the  last.     Legs  brown,  femora  clothed  with  whitish  scales. 

X-«-'  n  gth  .OC-.IO  inch  ;  1.5-2.5  mm.     (Fig.  72.) 

T^liis  sj'^ecies  can  be  recognized  by  the  entire  eyes  Ibe  8-jointed  antenna?, 
«*ncT    small  triangular  sparse  scales. 

-^^.  clavli^er  Er.     Ovate,  convex,  black,  clothed  with  black,  moderately 

lar;x«\  triangular  scales.     Elytra  ornamented  with   three   faint,   sinuous 

^^ri*is  and  humeral  spot  of  yellow  scales.   .Head  black,  coarsely  punctate, 

«oj4l  c_->s  black  and  yellowish.    Eyes  prominent,  entire.    Antenna;  5-jointed  ; 

J^iri  ts  1-2  large,  globular,  sub-equal,  IJ-4  very  small  and  compressed,  the 

In.st     more  than  three  times  as  hmg  as  the  other  joints  united  ;  rufous,  last 

J*>in  z,  darker.    Thorax  coarsely  punctate,  scales  black  at  middle,  yellow  at 

^i«lc?s*.    Elytra  black  and   piceous,  very  coarsely  punctured,  clothed  with 

"'**<^1<  scales  and  with  three  equally  separated,  indistinct,  interrupted,  sin- 

'>oii«^    bands,  and  humeral   spot  of  small   yellow  scales.     Body  beneath 

'^laorl^^  covered  with  small  sparse  cinereous  scales.    Lec^s  rufous.    Length 

'^'*     "  «nch  ;  3.7  mm.     (Fig.  73.) 

**^^  «  smallest,  darkest,  and  least  conspicuously  ornamented  of  any  of 
'^^^^^       species.     The  distinguishing  characters  are  the  5-jointed   antenniB 
'**^      its  1 -jointed  club,  the  entire  eyes,  the  small  sparse  scales,  and  the 
■*^«  *^t  uniform  color  of  the  elytra. 
*^<?urs  in  Pennsylvania. 


the 


APSECTUS  Lee. 

e  one  species  upon  which  this  genus  is  established,  is  the  smallest 

found  among  our  DermfHtida  ;  the  head  is  wide,  the  epistoma  short, 

Oc«ellus  distinct,  the  mouth  parts  protected  by  the  prosternum.      Eyes 

-     *'y'    large,  prominent,  rounded,  entire.    Antcnnje  as  long  as  the  thorax. 

^     "J 'tinted,  terminated  by  a  slender,  elongated.  3-1ointed  club.     Thorax 

*^c  as  wide  as  long,  sides  flattened,  lateral  margins  arcuate,  hind  angles 

*     ^^^Inent ;  base  bisinuate,  slightly  lobed  posteriorly  at  middle.     Scutel- 

^•^  c^uite  large.    Elytra  as  widt?  as  long,  sides  regularly  oval,  apical  anglen 

,j^^  ae|>nrately  rounded.    Antennal  fossjc  not  sharply  defined,  sub-marginal. 

^   *^^temum  lobed  in  front,  narrow,  modenitely  hmg,  produced  behind 

^^'^een  the  anterior  coxce,  separating  them  widely,  but  broadly  truncate 

^^P,  reaching  the  mesosternum  which  is  short,  three  times  as  wide  as 

^*^gand  rounded  in  front.      Mesocoxie  very  widely  separated.    Posterior 
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coxfil  plate  very  short,  moderately  wide,  but  not  attaining  the  sides.  Lc?  ^ 
modemtcly  stout,  hisl  joiui  of  tarsus  as  long  as  the  four  preceding  lak  «^ 
together. 

This  genus  closely  resembles  Trinoden,  but  the  latter  has  the  prosterni 
prolonged  sub-aeutely  behind,  entirely  dividing  the  mesosternum,  a. 
the  aniennal  (cavities  are  wanting. 

A.  hiBpidua  ^lels.  Sub-oval,  convex,  black,  covered  with  sparse,  vi 
long,  erect,  brown  hairs.  EhMra  brown  or  black.  Head  spai*sely  pub 
cent.  Antenna;  11-jointed,  testaceous,  club  3-jointed,  darker.  Tlioi 
sparsely  punctured  and  pubescent.  Scutelluni  naked.  Elytra  black 
rufous,  coai*sely,  moderately  sparsely  punctate,  pubescence  s]^U"se,  v« 
long.  I5ody  beneath  light  brovvn,  pubescent.  Abdomen  coarsely  punctia 
pubescence  more  dense.     Length  .05  inch  ;  1.5  mm.     (Figs.  74,  77.) 

Male.     Antenna'  terminated   by  a  IJ-joinfed  club,  of  which  the  joi 
1-2  are  small,  o  half  as  long  as  the  entire  antenna.     (Fig.  75.) 

Female.     Antennjv  bearing  a  3-jointed  club,  the  last  joint  of  whicl. 
equal  to  the  two  })receding  taken  together.     (Fig.  76.) 

In  addition  to  tiie  anatomical  characters  already  iciven,  we  mav  rec 
nize  the  insect  by  tht^  sniiU  size  and  long  erect  pubescence. 

Occurs  in  the  Middle  and  Southern  States. 

ORPHILUS    Erichs. 

Head   wMth  small  but  distinct  ocellus.     Eyes  moderately   prominc^ 
moderately  coarsely  granulated,  emarginate  in  front.     Antenna*  11 -joint 
bearing  a  3  jointed  club.     Tliorax  very  convex,  nearly  as  long  as  wider 
base,  apex  only  one  fourth  as  wide  as  the  base,  which  is  bisinuate.  si  ' 
arcuate,   lateral  margins  nearly  straigiit,   only  the  posterior  half  can 
seen  Ironi  above,     llind   angles  moderately  pn)minent.     Scutellum  c: 
tinct.     Sides  of  elytra  nearly  inir.illel.  antennal  cavities  not  well  defln 
conlined  to  tlie  anterior  half  of  spaces  between  prosternum  and  side  n* 
gins,  whicli  <pace  is  marked  just  l)ehind  middle,  with  a  dee])  pit  to  rece^ 
tljc  knee  of  tin;  anterior  leg,  behind  whieh  is  the  usual  tnxnsverse  fossa 
th(;  middh'  leg.     ( Fig.  82.)     Prosternum  small,  declivous,  produced  beh 
but  not  ]»assing  the  anterior  coxa',  which  are  very  large  andap]>roximat 
Mouth  ])arts  and  pros  ernum  covered  by  the  anterior  legs.     Me>os:ern 
large,  a-^  bro:ul  as  long,  roun<led  in  front,  widely  separating  the  mesoco 
(Fig.  J^O.)     Hind  coxa*  short   and  \\\(\{.\  reaching  the  sides  of  the.  1m) 
Coxal  pl.ites  also  wide,  covering  the  anterior  portion  of  the  femur  for 
entire  lengtli.     (Fiir.  ^\.)     Femora  very  stout,  attaining  the  sides,  pu 
tured.  channeled  beneath  for  the  til>i;e,  anterior  tibiie  vcrv  broad  and 
with  a  groove  on  the  anterior  surface  to  n^ceive  the  tarsus.     (Figs.  83. 
The  middUj  and  jjosterior  tibia?  are  more   slender.      Tarsis   modeiat 
slender.  hi<t  joint  efpialinLT  the  f(»ur  preceding  added  together. 

The  characters  up«)n  wliich  to  rely  for  a  proper  appreciation  of  this  ge: 
are,  the  insigniticant  prosternum  ;  large,    entire  mesosternum  ;  the  la 
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anterior  legs  protecting  the  month  parts,  the  pits  to  receive  the  anterior 
knees,  the  cliamcter  of  hiud  coxa!  plates  and  the  almost  emire  abstncL*  of 
pubescence. 

O.  glabratos  Fabr.  Ovate,  black,  moderately  convex,  shininp:,  without 
pubescence.  Elytra  uniformly  black.  Head  c(»ars('ly  punctate.  Antennas 
TiifiMis,  11-jointed,  bearing  a  3-jointed  club  wliich  e(|uals  about  one-half 
the  preceding  part  of  the  organ.  Joints  1-2  moderalrly  large.  3-8  small, 
9  twice  as  long  as  any  of  the  preceding  and  as  wide  as  long,  equaling 
joint  10 :  the  terminal  joint  is  somewhat  longer.  Thorax  coarsely  punc- 
tatr».  Scutellum  with  a  few  fine  punctures.  Klytni  entirely  biack,  very 
coarsely  punctured,  with  a  transverse  dejjression  across  ihe  basal  tliird 
and  a  faint  vfrlical  one  on  each  side  of  tin?  suture,  on  the  aj)ical  half. 
BcmIv  beneath  black,  coarsely  punctate,  alidonien  rufous,  lighter  at  the 
edgesof  the  segments.    Legsrufous,    Length  .r2inch  ;omm.   (Figs.  70,  80.) 

There  h  but  one  s])ecies  in  our  fauna,  but  the  juinctures  on  the  thorax 
varv  consideniblv  as  to  size  and  number,  in  the  iliflercnt  specimens.  AVhen 
they  are  coarse  and  deep  the  insect  is  a  true  f/Ifthnffns ;  when  less  coarse 
we  uiav  reirard  it  as  tlie  varietv  tttrr  Kr..  and  when  relativelv  fine  as 
the  varietv  S'lhnifiduft  Lee.  Then'  are  no  chanicters  of  suflicient  value  to 
enable  us  to  separate  these  forms  into  dillerent  species.  The  larger  speci- 
Tnen-i,  the  second  variety  bv  the  wav.  are  fnmi  the  Pacific,  the  smaller 
from  tl\e  Middle  States. 

fyynonymy  and  lilhltography , 

Deumkstid.i^. 

Sttb-Family  I  ;    BvTrRi !>.*:. 

lU'Ti'itrs. 
Latr.  Pre.\  car.  Tns.  1700,  p.  CO. 
'^micolor  Say.     Journ.  Acad.  l*]iil..  ili.  ]>.  107. 
nmi'.rie.itntiH,  Dej.  Cat.,  o«l  ed..  p.  i:>7. 
griseBcens  Lee.     Xew  spi'cies,  (N)l.»  JM.  i,  1S(;^,. 

SrB-FAMii.Y  II :  Dkiimkstid.i-, — Cgenuini.) 
LeConte  Synopsis,  Proc.  Acad.  Phil.,  1S51,  p.  lOH    * 

Dkkmkstks. 

Linn.  Syst.  Nat.  ii.  17<J7.  p.  r>i;i. 

mannoratas  Say.     Journ.    Acad.   Phil.,   iii,   j).  107,    Chevrol.  Ann.    Fr. 

IHO-J,  p.  in  (J. 

far.     Afnuier/fd/ni  Lee.,  loc.  cit.,  p.  107. 
fasolatua  Lcc,  Inc.  cit.,  p.  107. 
XnurinuB  Linne.   Faun.  Suec,  ]>.  14t;  Erich.  Xat  Ins..  iii.  p.  120. 

C't/tinux  iivrm..  Ins.,  sjiec.  iu»v.,  ]>.  si. 

n*thibtMi>[\y,     Ins.  of  Louisan.i.  \s:V2  \   Lee..  Inc.  cit.,  p.  107. 

fliAHfrtor  Ivirby,  Fauna.  Hor.  .\ni.,  iv,  p.  ll.">. 

mfff/H  Lac,  loc.  cit.,  j).  lOS. 
talplnus  Maun.     Bull.  Mosc,  18i:J.  ii.  p.  2r)7. 
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BObrinnB  Lee,  loc.  cit.,  p.  108.  , 

muooreoB  Lee,  loc.  cit.,  p.  108. 
poloher  Lee,  loc.  cit.,  p.  108. 
lardariuB  Linn.,     Faun.  Suec,  p.  140. 

var,  signatm  Lee,     Trans.  Amer.  Ent.  Soe,  1874,  p.  50. 
elongatus  Lee,  loc.  cit.,  p.  109. 

oadaverinoB  Fabr.,    Syst.  Ent,  p.  55  ;  ibid.  Ent.  ii,  9,  p.  7,  t.  2,  f.  9,  f»-  —  'b. 
vulplnus  Fab.,  Spec.  Ins.  i,  p.  64.;    Lee,  loc.  cit.,  p.  109. 

lupinna  Mann.,  Bull.  Mose,  1843,  ii.  p.  257. 

tnacAilatui  DeGeer,  Ins.  iv,  p.  223. 

Attagenus. 

Latr.  Gen.  Crust,  et  Ins.  ii,  1807,  p.  82. 

piceoB  Oliv.,  Ent.  ii,  9,  p.  10,  t.  1,  f.  4,  a-b. 

dkhrom  Lee,  loc.  cit.,  p.  110. 

megatoma  Fabr,  Ent.  Syst.,  Suppl.,  p.  71. 

rujipcnnis  Lee,  Proc.  Acad.  Phil.,  1859,  p.  71. 

spurciM  Lee,  Synop.,  loc.  cit.,  p.  109. 
pallio  Llnne,  Fauna.  Sues.,  p.  141. 

bipufictatics  Deg.,  Ins.  iv,  p.  197. 
Homii,  n .  sp. 
perplezus,  n.  sp. 
varicolor,  n.  sp. 

Dearthrus. 

LeConte,  Class.  Col.,  N.  Am.,  1,  1861,  p.  108. 
longulus  Lee,  Xew   Spec.  Col.,  i,  1863,  p.  73. 

Pertmeoatoma. 

Horn,     Trans.  Amcr.  EiU.  Soe,  1875,  p.  135. 

oylindricum  Kby..  Fauna  Bor.  Am.,  iv,  p.  113,  pi.  7,  fig.  3;  Horn,  lo^ 
cit.,  p.  136. 

var.  angularisy  Mann.  Bull.  Mose,  1853,  iii,  p.  216. 
variegatum  Horn,  loc.  cil.,  p.  136. 
falsum  Horn,  loc.  cit.,  p.  136. 

Belfragei  Lee,     Trans.  Amer.  Ent.   Soe,   1874,  p.   49  ;   Horn,   loc.  ciC 
p.  137. 

AcoLPCs,  n.  g. 
primus,  n.  sp. 

TllOQODERMA. 

Latr.,  Uegn.  Anim.  Ed.  2,  iv,  1829,  p.  511. 

Bimplex,  n.  sp. 
stemale.  n.  sp. 
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omatam  Say.,  Journ.  Acad  Phil,  y,  p.  185. 

pusiUutn  Lee,  SyQop.  loc.  cit.,  p.  111. 
inclastun  Lcc,  loc.  cit.,  p.  110. 

palUpes  Ziegl.,  Proc.  Acad.  Phil,  ii.,  p.  269. 
tarsale  Mels.,  Proc.  Acad.  Phil,  ii,  p.  116. 


C  RYPTOR  HOP  A  LUM. 

^  Guer.,  Ic.  Regn.  Anip.  Ins.,  1838,  p.  67. 

balteatum  Lee,  Synop.  loc.  cit.,  p.  111. 
haBmorrhoi^ale  Lee,  Ann.  Lye.  1,  p.  170.  t.  11,  f.  4. 
aplcale  Mann.,  Bull.  Mosc,  1843,  ii,  p.  258. 
mfioome  Lee,  Synop.  loc.  cit.,  p.  111. 
triste  Lee,  1.  c,  p.  111. 

y&r.fuscuJufnljec.,  loc.  cit..  p.  111. 

nigricorne  Lee,  Proc.  Aeid.  Phil.,  1861,  p.  344. 

picicorne  Lee,  Synop.  loc.  cit.,  p.  111. 


AXINOCERUS,  n.  g. 

amerlcanus,  n.  sp. 

Anthrenus. 

Geoffroy,  Inst.  Envir.  Par.  i,  1764,  p.  113. 

Bcrophularise  Linn.,  Syst.  Nat.  i,  2,  p.  5G8. 

y&r.  flaclpes  Lee.  Synop.,  p.  112. 
var.  thoraeicm  Mels.,  Proc.  Acad.  Phil,  ii,  p.  117. 
lepidus  Lee,  Synop.  loc.  cit.,  p.  112. 
varius  Fabr.,  Syst.  Ent..  p.  00. 

var.  destructor  Mels.,  loc.  cit.,  p.  116. 
maseonim  Linn.,  Fauna  Suee,  p.  145. 

crtstnnem  Mels.,  loc.  cit.,  p.  116.  * 

claviger  Er.,  Nat.  Ins.  iii,  p.  458. 

Apsectub. 

LeConte,  Proc.  Acad.  Phil.,  1854,  p.  113. 
hispidus  Melsh.,  Pn)C.  Acad.  Phil,  ii,  p.  117 ;  Lee,  loc.  cit. 

OrPH  ILL'S. 

Erich.,  Xat.  Ins.  iii,  1846,  p.  461. 

glabratoa  Fabr.,  Syst.  El.  i,  p.  lOJ) :    Er.,  loc.  cit.,  p.  462. 
ater  Erich.,  loc.  rit.,  p.  463. 
subnitiilus  Lee,  Proc.  Ac^d.  Phil.,  1861,  p.  344. 


Explanation  of  Ftale. 

Fig.    1.  Uiulursulu  of  Bylnnis  nnlcolor  Say. 

Fig.    3.  Fuiiicj'ii>r  ciixnl  ]>l;itc  cil'  Bjtanu. 

Fig.    S.  TursusorHitsiiiiic. 

Ft j.    4.  Anleiina  of  BfCnnu  nnlcolor  Say. 

Fig.    a.  B^tnnu  grlsBacens  I.c'C. 

Fij;.    «■  Anti:imaollli«»:ime. 

Fig.    7.  AnltnniLiif  DarmntM. 

Fij;.    8.  UuOiTsiilt  of  pruihiinix  of  tlie  same. 

Fig.    S.  P.'sli.'ri<iL'  cc>\iil  pbitL'  of  Ihe  Haarn. 

Fig.  10.  Dermestes  tnannoTatns  Suy 

Fig.  11.  •'  fasciatua  Lcc. 

Fig.  I'i.  "  murinuB  Linn. 

Fig.  l-l.  "  ■*       vnr.  canlnna! 

Fig.  14.  "  laidarliu  Linn. 

Fig.  15.  "  "       v;ir.  slgnatns  Lee. 

Fig.  10.  "  pulchorLcc. 

Fig.  IT.  "  olonijatUB  Lee. 

Fig.  la.  Anlviiua  of  -^^  Attageniu  Homll,  d.  sp. 

Fig.  19.  -  i:  s-'ii.f. 

Fig.  iO.  "  Cj*  AttigeunB  vartoolot,  □.  sp. 

Fig.  ai.  "  9  siimv. 

Fig.  Ti.  "  c^  Attagonm  plcsiu  Oliv. 

Fig.  3:1.  "  i'  miiif. 

Fi;:.  34.  AttagsnoB  Boniil,  n.  sp. 


Fig.  r.i. 

D'earthms  Ic 

Fig.  :■•■?. 

Pr..:^lrriiiiii, 

mill  iiK'sosrcrntiin  of  the  3»me. 

Fig.  •■a. 

AiiUni.:i  ..r 

,  ..nii.^sMi.-. 

FiiT.  :il. 

I'„.t,!rior,',r 

1 1I  |>1;i1('  of  Perliuesitoma. 

Fig.  :r.. 

l-n.lM'M,!..  ..1 

'  |ii'i>ili<<r,i\  of  di<!  ^auK!. 

Fig.  ;!>i. 

KlvlvuimMikinjr^.iniK'SMm.'. 

Fig.  :i:- 

AnU'iiiULor 

Perimegatoma  cyllndiicam  Kby. 

Fj;.  :w. 

Fig  ;w. 

"  Petiraegatoma  vailegatnni  Horn. 

Fig.  .10. 

:    ^:,mr. 

yi.j..H, 

■'  Ferimsgatoma  falsum  Horn. 

Perimegatoma  BeUragei  Ll'i;. 
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F*  S  ^^'  ^*  Acolpna  primus,  n.  sp. 

J^M  ^^'  ^^'  Heiul  and  aiitenux*  of  c?  Trogoderma  omata  Say. 

J^m  -  "T-  47.  Antenna  of  9  same. 

p^5  *_*7-  48.  Undersitlo  of  head  and  prothora.x  of  tlie  same. 

I^i  a^^- 40.  Prosteruum  and  mesoslernum  of  the  same.     « 
;i-"^i  *  ^.  50.  *'  **  •*  Trogoderma  Btemale,  n.  sp. 

f*^m.  '^  ^-  51-  Trogoderma  simplex,  n.  sp. 

p^  i  *-^-  53.  Underside  of  head  and  prothora.x  of  tlie  same, 

p*  i  *-  -^  .  53.  Head  and  antenniu  of  Trogoderma  inclusmn  Lee. 

[T*  I  m  ^  .  54.  Crjptorhopalum  balteatum  Lee. 

X^  i  ^  T'  ^5.  Antenna  of  (5'  Cryptorhopalam  haemorrhoidale  Lcc. 
i  -JET  .50.  "  9  same. 

\  *j^-  57.  Underside  of  prothorax  of  C.  apicale  Mann, 

t  «-2r-  58.  Antenna  of  ^J'  same. 
^  1  «^  -  50.  '*  9  same. 

i  ^^5--  00.  Thorax  of  Cryptorhopalmn  triste  Lee. 

F*  i  fJ?-  6L  Thonix  of  Cryptorhopalum  ruficorne  Lee. 

Vi^'  03.  Ajdnooertts  americanus,  n.  sp. 

ri;yr-   ^•^»  Antenna  of  the  same. 

Y\f^,    05.  Side  view  of  the  head  and  tliorax  of  the  same. 
X-"/^.   an.  '*  '*  "  "  Anthrenus. 

^^i?>   OfS.  Anthrenus  scrophulariae  Linn. 
F/^.  O"**.  "  **  var.  flavipcs  Lee. 

^V   '^S.  *'  "  var.  thoracicus  Mels. 

''ff-  C»l>.  Antenna  oif  the  same. 

^'fC-    -"O.  Anthrenus  varius  Fabr. 

''ff-   ~X.  Antenna  of  the  same. 
"ff-    •  t;^.  «*  Anthrenus  museorum  Linn. 

^'o-    •  5:^.  "  Anthrenus  claviger  £r. 


Y'vz . 


V'        — 

^J-?-    «  -^  .  Apsectus  hispidus  Mels. 

^ '«•    ^  -^"^  .  An'.enna  of  (j^  of  the  s:ime. 

^^5.  "  9  of  the  same. 

*    ^,  Prosternum  and  mesosternum  of  the  same. 


Fiir 


^y-    '*'9^.    Orphilus  glabratus  Er. 


,.~"     *  ^^-  Antenna  of  the  same. 

TVi'  *^0,  Mesosternum  and  femora  of  the  i^amc. 

r^r-  ^  1  .  Posterior  coxal  plate  ot  the  same. 

r»e-  *^Xi,  Half  of  the  underside  of  thorax  of  the  same. 

r\g-  ^-i.  Anterior  leg  of  the  same,  lower  surface. 

Y^S-  &-i.  ««        ♦•        **        *«      upper      ** 
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Stated  Meetinr/,  July  21,  1882. 
Present,  3  members. 

•    Dr.  Cresson,  in  the  Chair. 

Letters  of  acknowledgment  were  received  from  Dr.  B.  — ^• 
Gould  of  Cardova ;  the  Musee  Giiimet ;  the  Soc.  Zoologiquo  ^^ 
France  ;  Royal  Irish  Academy  ;  and  Adelaide  Observatory^  — 

A  request  from  the  Meteorological  Society  of  London,  18^ 
40,  was  on  motion  granted. 

On  the  President's  recQmmendation  it  was  ordered  that  *•: 
Leandcr  McCormick  Observatory  of  Virginia  University 
placed  on  the  list  of  correspondents  to  receive  the  Proceedia 
A  copy  of  Proceedings  No.  Ill,  just  published,  was  laid 
the  table  for  inspection. 

The  copy  of  Dr.  G.  B.  Wood's  portrait  in  the  Universi 
by  Miss  M.  W.  Lesley,  ordered  by  the  Society,  was  exhibit- 
Donations  for  tlic  Library  were  received  from  the  Asia 
Society  of  Japan ;  the  Natural  History  Societies  at  Emd< 
Geneva  and  Bonn  ;    the  Academies   at  Brussels,  Turin   a 
Kome  ;  Prof.  K.  licncvitT,  Lausanne;  the  Soc.  de  Geographi 
Prof.  Persifor  Frazer ;  M.  11.  Brocard,  of  Paris ;  the  Soci< 
Geographic  Coniiiu.M'cialc,    Bordeaux;    the   Eevista  Euska: 
Pamplona;  Boyal  Astronomical   Society,  Journal  of  Forest: 
and  Nature,  and  Messrs.  William  Tebb  and  G.  J.  Symons, 
London;    tht^    Field  Naturalist  of  Manchester;  the  Mitch< 
Library  of  Glasgow  ;  the  Literary  and  Historical  Society 
Quebec;  tlic  Observatory  at  Yale  College  and  Prof.  E.  Loomi; 
Conncctii-ut  Acadcinv  ;  American  Journal  of  Science;  Ess& 
Institute;  Boston   Society  of  Natural  History;    Prof.  W.   \S^  '^T^ 
Davis;  Amurican  Journal  of  Medical  Sciences;  Franklin  Insti '^ 
tute  ;  Journal  of  Pharmacy,  Library  Company  and  Mcrcantil*^^*^^ 
Library  at  Pliila<l(*lpliia  ;  Prof.  J.  S.  Newberry  ;  U.S.  Nationa-I  -^ 
Museum  ;  Chief  of  Engineers;  Coast  Survey  ;  Edward  C.  Pick-     '    ' 
cring:    Historical    and    Geologi(!al    Society   at   Wilkesbarre ;        ^^ 
Ohio  Mechanics'  Institute  ;  Antiquarian  and  Oriental  Journal; 
Minnesota  Academy,  and  Adelaide  Observatory. 
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Pending  nominations  Nop.  959  to  963  were  read  and  l)alloted 
for  and  the  following  were  declared  duly  elected  members: 
Prof.  Leon  de  Rosnv,  of  Paris. 

Hon.  Edward  Seve,  Consul  Gen.  Belgium  to  U.  S.  A. 
Mr.  Joseph  Snowden  Bell,  of  Philadcl[)hia. 
M.  Gaston  Planle,  of  Paris. 

Mr.  Alexander  Graham  Bell,  of  Washington,  D.  C. 
And  the  meeting  was  adjourned. 


Stated  Meeting^  August  18,  1882, 
Present,  3  members. 

Curator,  Mr.  Phillips,  in  the  Chair. 

Letters  accepting  membership  were  received  from  Mr.  J. 
Miowden  Bell,  dated  Phihidclphia,  913  AValnut  Street,  July 
.'^>,   1882. 

T-^rom  Mr.  Alexander  Graham  Bell,  dated  McCurdy  Cottage, 
Newport,  R  I.,  Aug.  7,  1882. 

-A.nd  from  Mr.  Le  )n  de  Kosny,  dated  Paris,  No.  47  Avenue 
iu  Qug^ne,  Aug.  5,  1882. 

-A^cknowledgments  of  the  receipt  of  publications  were  re- 
ceived from  the  R.  A.  Amsterdam  (105,  100,  107,  103,  List, 
XV,  iii);  the  Society  at  Wiirtembcrg  (107,  108,  XV,  iii);  tlie 
Zoological  Society  in  Amsterdam  (109);  the  London  Statisti- 
cal Society  (109) ;  the  Geological  Survey  of  Cana*i  (110,  111); 
"^e  Maryland  Historical  Society  (HI);  the  Museum  of  Comp. 
Zoology  (111)  and  Mr.  A.  Agassiz  (HI). 

Knvoy  letters  were  received  from  the  R.  A.  Amsterdam; 
^l^e  Bib.  Nat.  Vitt.  Em.  at  Eonie ;  and  the  Greenwich  Observ- 
atorv. 

donations  to  the  Library  were  received  from  the  Frankfort 
Zoological  Garden ;  the  A'ienna  Anthropological,  Geologi<" 
Zoological  and  Meteorological  Institutions;  the  Ber"*' 
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cmy  and  Gcoloji^ical  and  Horticultural  Societies;  the  S(X'iL-ti« 
at  Stuttgard  and  Croltingcn ;   the  two  Academics  in  Rome,  s  i^ 
the    11.  Geological  Coniinifssion ;    the    Paris   Museum  N.      ' 
l^ircau  of  Longitudes,  Annales  des  Mines,  Etlmologie^il,  ^■ 
thropological,   Geographical   and  American  Societies,  K*.* 
rolyteclini([ue,  International  Ci.>ugresR  of  Orientalists,  M- 
Schna:l)cl,  M.  M.  Locwy,  and  llevuc  Politic] ue;  tlie  Gui  i . 
Mnsi3U!ii  at  Lyons;  tlie  Geographical  and  Linnean  S(x:it:"1 
jit   lk)rdcaux :    the   AblKJville    Societv   of    Eniuhitiou; 
Brussels   Acadeniv  and  Statisticiil  Commission :    the  Bri  t 
Association,  the  London  Astronomical,  Meteorological,  ^li 
gra])hicid,    (ieological.   Zoological,   Asiatic   and    Antit[uiir 
Societies;   the  Grcemvich  Observatory  ;  the  Edinburgh  Ro 
Societv:    the  Cornwall  Polvtechnic  Societv;  the  Mell>>ur 
Surveyors,   and    Inspectors  of  Mines;    tlie   Boval   Societv 
Canada  ar  Ottawa ;    the   Es<ex   Listitute;   Am.   Antiquarii. 
Society;    Mu>euni   of  C.  Zoology;    Am.  Journal  of  S^tiencc 
N.  V.  ^[cteorologioal  Observatory;    Long  Island   Historic;}/ 
Society;    Franklin    InMitute;    Engineers'    Club;    Joiinial  <>[ 
Ph.'irnincy  ;    A('adciiiy  t>f  X.  S.  (»f  ]^hiladel]»hia ;  Johns  Ih»/- 
kiii<    l."iii\'ri->ii V  :    I'.  S.  Si-jnal    Bureau:  AVar   I )ei 'an ;.'.••  •'■'-■ 
CcuMi,- r)iir(';iu  :   Xntioiinl  MuMMun  ;nul  Fisli  Coriinii>>i"ii. 

'J'ht'  dt'iitli  ot' ( i<niv»'riiciir  K.  AVanvn,  Lieu.-C«»l.  L. '^ -^■■ 
at  Nt'Wp'Tt.  \\.  1..  Aug.  S,  1  ^^*2,  was  announced. 

^J'Im'  <1»M!h  of  \'i>c.)niit  he  Rouge  (the  announ<;oiii''i-  "' 
v/liirl;  !i;i.|  1mm'!i  MinittC'l)  wjis  nnlrre^l  to  ]»e  jik'jcril  on  ivo-r-- 

Ml',  (h'litii  I'rii'i  ;i  j'.MjM'r  eiitilled  "  Contributi(.):i>  r:'>»iii--" 
l;:i!H)r:.!.  .rv  of  t!ir  I'iii\rr-itv  ol"  r»'!nisvlvania.  ^vX.  <.'"■''-■ 
i>ii!i< >:!-  :< )  Nr[i!«'r;il' »l''v." 

Ni'w   i!'.ii::i:;,:i.,|,v  X.K.  !h;|-,  \\\\:^^  (m;0,  iiiiT,  IMis  wlmv  a'.»-' 

Ji!:-i    ll:r    !l  •  \'\\\'l    \\\\>  ;i' 1  i< '1  n'UC  1 . 
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C'ONTRIBUTIONS   FKOM   THE  LABORATORY  OF   THE  UNIVERSITY  OF 

PKNKSYLVAi^IA. 

No.  XX. 

l-ONTiUHUTIONS  TO  MINKRALO(iY. 
By  F.  a.  (tenth. 

^Rmd  before  tfie  American  Philo9ophiral  Socicti/f  Auf/uit  IS,  ISSJ.) 

I-    In  a  paper,  read  before  the  Americ4in  Philosophical  S(K'iety  on  Sep- 
teiiil>t«r  IDth,  lH7i5,  I  communicuted  some  observations  on  the  oecnrrcncc 
**^  ^^'«*rHitdum,  anil,  especially,  on  its  alteration  into  otlier  minerals.     Sinee 
lUen    I  hud  an  opportunity  to  examine  many  beautiful  speeimrns  of  the 
sarin*  kind,  by  which  my  views  on  the  sulijetit  received  the  fullest  confir- 
mation.    I  was  in  hopes  that  I  would  be  able  to  prepare?  a  second  edition 
"T  my  paper,  illustrated  with  cjirefully  dmwn  figures  of  the  most  import- 
ant iind  striking;  forms,  but,  finding; that  my  lime  is  too  much  taken  up  by 
other  duties,  I  iVar  that  I  shall  nevi^r  accomplish  my  desire,  and,  for  this 
ri-iis€»ii,  will  place  on   record,  as  an  appendi.x  to  my  first  paper,  the  de- 
s<trii»tion  of  a  few  verv  remarkable  occurren<Ts.* 

*  In  lilt*  Ifilnrlbiicli  der  Mintinileheinh^ '2  Autla^c,  Lcipxlff,  ls75,  Prof.  C.  F, 
ISaiiiniolsbeiv  ri'lMiutcdly  n*fcrs  t<>  tluj  iibr>vc  investigation,  but,  iinfortuiiatoly, 
KlvoH  me  <T«*dll.  for  Htateinents  which  I  never  have  nuuie.  As  they  ureoft«»o 
niiich  liiii»cirtiinc«)  to  reuiuiu  nncontnulictcd,  1  will  briefly  alludu  to  the  most 
»tMkli,|f. 

Oil  I'ajre  117  (Specieller  Thell),  hi-  says  that  I  eanu;  to  the  conoluslon  that  "<i< 
.  "«''  tiittt',  wh*ni  vhryaotitt:  rhanf/rd  into  si-rpcnHin-,  enrnnduni  uum/urrnvd,  whirh^ 
"'^>^*-f/Hfntli/,  woA  ulU-rfd  into  other  minrrnl.i,''  wlille  I  .simply  stat«f  the  fact  that 
tht?  luiifent  tleposits  of  conindtini  rwciir  in  serpentine,  or  in  <-liry?*olIte,  or  Iho 
f'*clv-  iniiuediati-lv  ailjolnin^  the  same,  and  1  do  not  ev«Mi  Intimate  tliat  they 
**-'rir  liirnied  at  the  time  wlien  th<*  latti-r  ehanut'd  into  the  former,  as  they 
<K.'C'iii-  efjually  In  both  ;  that  I  ilo  ntit  Hupposr  (a**  Prof.  K.  sr'enijs  to  btllrve)  that 
thi*  aliiiiiiiia  was  tdiminateil  from  roeks  which  do  not  contain  anv  apprcelable 
'I'laiitiiy  ,,|-  ji^  \^^  I  ^iifMilil  think.  snlIl(denMy  intlirated  by  my  (jnery,  *' hf/  what 
^'**^*^citfit  such  entirmouH  t/utintUics  ot   afuniiwi   roudl  have  hrfni  precipitatrd  to 

**■!  |tji^e  l:l7,  in  qiiotlm^  sonn*  ol  my  analysi'M  of  Ihe  bhiek  s|>inelH  (eeylanltes), 

'^♦»t-  ItiiiiiTiielHlMM'f;  rumarkH  that //{<.'!>  i"(ri7t/ (/-I rjy  rcry doiihtt iit,iiiu\  that  f)csidfM 

'"'    '*•'•!  per  rent,  o/  rurnndum.  w  Iiii-h   wi-n*  eliininat«>d   during  the  prt»eeHS  of 

•'^aly:..!,,^  1/  inufit  emdftin  U.'iperf'nt.  uddifinit'd.     It  I'lof.  h'ammelsber^  had  read 

^"y   |>:i]H<r  wllh   the   least   attiMiliiMi.  lie  \v«.iilil   Imvi-  found  that  1  come  pretty 

l»«*iii-iy  to  the  nam*'  eonchi^ion,  tori  •^mv  :  "tJnttthr  ntnsf  cnrrrull}/  .srhrftd  ma- 

"'■*'»i  »tilt  rontain*'il  a  nu-ch'iniral  ndiiiijfurr  of  / ."..;';  jur  rfiif,  ni  voruni/mn.'^    How 

litllf.   l»r(,t.  Kammelsberf^  Meeni"  to  apim-rlah'  Ww  »lrifl  of  tin;  wliole  invi'.-^tljfa- 

»''*".  1m  pnived  l)y  the  tact  that  lie  attack-*   thi-   purity  of  my   mnirral  .spt-eies. 

*«'vii  1  ufvcr  IntoiidiMl  t4i  pulitlNh  these  aualy-^e-'  a-*  tliose  i»f  typii-al  Mp«M'im«'ns 

"'  ^piiiel,  but,  on  the  eontmry.  as  tm  rturt's,  .«^tin  ^fliowln^  ri>mnants  ot  t  In-  nil'^j- 

"l^^'vles,  un<l  I  dldtinetly  say:  "  /7//\  umi/i/sis,  hmcrrcr,  tsttifilishrs  tftr  itri/ 

i"*'''ftint  /act  o/  the  mfchaniraf  tidniirfm-i-  <,i  ii.rtnidiint.'^ 

'*  Pajre  1k->   I*rof,  U.immi>l-bcr:r  -nx'' :  •*  A'-nirdinij  //>  Htmt  tiauritr  /a  rh'intj'  ti 

*^'"^unUuin  fift  Mtronff  iff  ni/ioit.  Hint  {i\:s\  II  luiMis  ihaituis  vi.  ri:a\  iii»\  i  vKi:»i 

'^•^cie  AToKulSfAKV  TKHi>EUATL'iih:  Ai.>o. "     N ow,  llic  JsCfoud   part  of  tlio   seuleure 
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i.  Ctn^ndum,  aliered  Ma  SpkUL 

a.  At  the  Carter  Mine,  in  Madison  coontj,  N.  C,  oorandum  h  fimnd 
in  white  and  pink  crystals,  but  mostly  in  irregnlar  grayish-white  or  white 
clcaTage  masses,  generally  enveloping  a  variety  of  a  delicate  pink  color. 
Where  small  cracks  or  fissures  occur  in  the  oomndom,  it  can  be  obierredL 
sometimes  only  by  a  ^mall  dark  line,  that  a  cliange  has  oommenoed  which 
in  many  places  extends  through  large  masses  converting  the  corandm 
into  a  massive  greenish-black  spinel,  with  uneven  ftmctnxe^  and  of  a  Am 
granular  structure,  rarely  showing  planes  of  octahedtBl  cryatab  hi  tke 
compact  mass.    It  yields  a  grayish-green  powder  and  haa  a  apeoUlc  giaTiQr 
of  8.751.    The  spinel  shows  in  many  cases  small  scales  of  procUorits^  ialo 
which  it  finally  passes. 

With  difficulty  I  have  selected  some  which  was  free  fixm  piodiloritik 
but  although  the  material  appeared  to  be  quite  poxe,  it  waafoand  toocM- 
tain  a  small  quantity  of  unaltered  corundum  =  1.15)1.  The-  IbUowisg 
are  the  results  of  my  analysis  (a),  and  after  deducting  alUde  addsid 
corundum  (b),  calculated  composition  (c). 

a.  b.  e. 


AlA 

= 

66.03 

— 

66.74 

FeA 

= 

1.83 

— 

1.84 

CuO 

= 

0.09 

— . 

0.00 

NiO 

^i: 

0.38 

^^ 

0.88 

ZnO  ' 

= 

0.22 

— 

0.32 

FeO 

— 

11. si 

11.94 

MgO 

li».13 

19.34 

SiO, 

_^ 

O.^i 

— 

Corundum 

— 

1.15 

— 

— 

FeFe^04 

^ 

1J4 

FeAlA 

•  ^"" 

97JI 

CuAI^O^ 

= 

OlU 

ZnAlA 

ss 

Olid 

NiAlA 

^s 

0.78 

MgAl,0, . 

^ 

9»M 

1(M).:J2 


100.00 


lUlt.OO 


b.  At  the  lui^eting  of  llie  American  Philosophical  Society  of  3IarchlT, 
1882,  Dr.  Edpir  F.  Smith  and  Mr.  N.  Wiley  Thomas  described  conindoB 
from  a  locality,  lhree-(iuartei*s  of  a  mile  north  of  Shimersville,  in  Lehigk 
county,  wIuTo  numerous  t;rystals  had  been  ploughed  up.     I  am  iodebtrf 
to  Dr.  Smith  for  a  variety  of  specimens.     The  cr3'stal8  are  moslly  rtMigki 
and  show  the  hexai^onal  prism  and  pyramid  and  basal  planes.    Mmtoi 
them  have  some  feUNpar  and  mica  attached,  showing  that  they  pro^Mf 
come  from  a  L?ranitic  gangue.     The  color  of  the  crystals  is  gcncrallyf.^' 
a  few,  however,  show  a  reddish  or  a  pink  color.     Disseminated  throogk 
all  the  crystals  and   fre<|uently  accumulating  on  the  surface,  areniin^ 
very  brilliant  crystals  of  a  highly  titaniterous  menaccanite  ;  these iW*'' 

which  he  m:uM1p«*  ort  me.  Is  Dr.  HuntN.  I  positively  deny  the  posftlblllty erf*** 
a  clmni^e  la  th<?  tnllowiii^  hiii^fuu^o:  "  I  (tft  not  know  of  a  9ingle  ifuttmeei^^'^ 
vornu'lmn  fonbl  lntr-  rlii.iin'iffi/  iindrr  surh  cirrumJtfanora  from  the  hydmte:  ** 
the  ontrnry^  the  itrrsmrc  of  t/rains  n/  voruntlum  in  the  bauicite  prorea prf(t$ ^ 
c/uxirfli/  thttt  the  fnt/cr  rfsulfx  from  the  hi/dration  of  corundmtn^and  t^^ 
grains  which  have  been  found  are  rcmnaiUs^  njt  yet  converted.** 
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"^^crnotic.     It  appears  tliat  this  cornndiiin  has  not  boon  nltcred  to  a  very 

?n^;*l.  rxiiMit,  only  a  few  sprcimoiis  of  black  spinel  in  irrogiilar  masses  or 

r'»u  inl('(l,  pyramidal  forms  have  been  found,  besides  these  only  very  thin 

."^'C'HtMvish  or  greenish,  soft  coatin<!:*i,  in  ver^'  minute  quantity,  Tvhi<-h  may 

'•'"    J\  ]K)tussium  miea.     I   could  nol   get  cnouj^h  for  examination.     The 

•*^l'iijcfl  has  an  iron-black  color,  and  is  sli«j;htly  magnetic.     Its  specific 

irravity  is —  4.050. 

^1  r.  George  .M.  Lawrence  has  made  an  analysis  of  it  in  the  Laboratory 
•"•^  t  lie  University  of  Pennsylvania,  and  found,  after  deducting  1. 4T;'c  of 
sllioic  acid  as  follows  (a)  ;  the  calculated  composition  (b). 

a.  b. 

AlA            =            ■><>-43  Mg.VLOj  =  25.40 

re,0,            =            13.17  FcAlJo,  —  48.51 

FeO              =            22.0r)  FeF(,0.  =  20.09 


3IffO 


a. 

b. 

50.43 

Mg.VLOj 

13.17 

Fc-Aljo, 

22. 0.-) 

FeFe^O, 

4  04 

2.02 

; 


TiO,  =  2.02  100.00 

100.10 

Tho  titanic  acid  is  present  evidently  as  a  mechanical  admixture  of  men- 
a*'<"iiiitc  FeTiOa ;  deducting  this  and  24.HJ^'^  of  corundum,  the  <'omposi- 
tiun  of  the  pure  spinel  is  given  under  (b).    1  do  not  c«»nsider  the  F«*Fe.^Oj  a 
iin'chanical  admixture  of  magnetite,  as  it  cannot  be  dissolved  out  by  hy- 
drochloric acid. 

X?.   Corundum,  nUercd  info  Zoisih: 

This  is  one  of  th(?  rarer  fornix  into  which  corundum  is  altered.  I  will 
*'^'l.  therefore.  Towns  county,  Georgia,  as  a  new  locality,  where  it  orcurs 
*«^  *nia]l  quantity. 

The  corundum  is  of  a  beautiful  pink  color,    surrounded  by  greeni.sh- 
^'lAiie,  deavable  zoisite. 

'J.   Cortrndum,  oltcrrd  into  luld-^piir  <nid  Mii''i  (Dnnourite). 

^Vli(»n  my  first  observations  on  th<*  alt<'rali<»ns  of  corundum  were  pub- 
lis]|(..j^  I  expreS'ted  some  (biwl»t  about  the  f.-hNp  ir,  as  having  been  the 
''*'^iiltsof  such  a  change,  beeause  I  had  then  not  seen  any  specimens  which 
S'-ive positive  evidence  of  it,  althouirli  even  at  tliat  time  there  was  a  great 
l^i'vJliabililv  that  a  sub'^tance  whieli.  I»evi)n«l  anv  (luestion,  wa"^  found  to  be 
*lt«-'red  into  fibrolite,  cyanite.  mica.  /.<)isite.  cVc.,  eould  also,  witlnml  difli- 
^'*lly,  he  converted  into  feldspars.  Since  then  1  have  seen  many  >pe<i- 
'*^<^n«  which  remove  my  la^t  doubts  and  ]>ro\<'  that  most  (»f  the  oc<iir- 
'*-'nceH,  referred  to  in  my  paper,  are  the  results  of  all<Malion.  In  aiMitinn 
^^  those  already  mentioned,  I  will  gi\<*  a  few  data  which  may  l»e  of 
interest : 

*•  1  had  mentioned  a  granular,  y«'lln\\ish  or  bro\\  ni-h-whit<'  oliirnchi^e 
^^'^'ttUnionville,  as  the  probable  re-uli  of  such  aihiuge.     At  the  >ame 
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locality  we  find  occurring  in  Bmall  quantities,  remnants  of  crystals  of  gray 
corundum,  generally  surrounded  by  a  little  silvery  mica  in  fine  scales,  in 
brownish -white  or  light  brown  cleavable  feldspar,  in  masses  sometimes 
from  25  to  30"'™  in  diameter.  The  feldspar  shows  distinct  triclinic  strui- 
tion.  Tlie  corundum,  where  it  is  in  contact  with  the  feldspar  or  the  mi- 
caceous coating,  has  a  corroded  appearance.     The  analysis  gave  : 
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Tills  feldspar,  after  its  fine  powder  had  been  dried  over  sulpliuric  acid 
for  several  days,  gave  on  ignition  2.45  %  of  water  and,  in  another  sample, 
2.55  fc.  As  there  is  not  a  sulTlcient  amount  of  bases  RjO  and  RO  present 
for  oligoclase,  may  not  a  portion  of  this  water  be  basic  water  ? 

b.  Another  interesting  occurrence  of  the  alteration  of  conindum  into 
a  feldspar,  is  that  at  the  "Black  Horse"  tavern,  near  Media,  in  Dela- 
ware county.  The  comndum,  of  a  dark  gray  color  in  rough  crystals, 
generally  coated  with  a  film  of  fine  scaly  mictv.  is  imbedded  in  a  finely 
granular  brownish-white  feldspar,  which  has  probably  resulted  from  its 
alteration.  It  has  a  specific  gravity  of  2.611,  and  the  mean  of  two  closely 
agreeing  analyses,  is  as   follows  : 


\  =  10.^<7 
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lOO.OIJ 

Tlie  constituents  of  lU)(KO)  :  ly)^  :  SiO.,  are  in  the  ratio  of  3.45  : 
10.87  :  31.10,  which  is  ^  1  :  3.1  :  9.  or  almost  exactly  that  of  oligo- 
clase. 

It  is  an  interesting  fact  that  a  part  of  the  calcium  oxide  is  replaced  by 
baviinn  <».\iile. 
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**•  The  Prei»ley  Mine  in  Ha3'^woocl  county,  N.  C,  has  furnished  some 
very  remarkable  specimens  of  corundum,  altered  into  feldspar  as  well  as 
xuicji  (miiscovitc). 

**•     The  corundum  at  that  Mine  is  generally  of  a  grayish -blue  color. 
P**nie(injes  in  large  crystals,  more  or  less  altered  into  the  two  minerals 
"ientioneil.     Frequently  in  the  interior  of  the  crystals,  when  the  altering 
J^ffcnts  had  access  by  fissures  or  otherwise,  small  jMitches  of  white,  cleav- 
«bl«?  feldspar  may  be  seen,  often,  but  not  always,  surrounded  by  mica. 
^'*  other  specimens,  very  little  of  the  original  mineral  is  left,  and  the  gray- 
^*Ji  bine,  deeply  striated  nucleus  of  corundum  is  surrounded  by  an  aureole 
^^  exceedingly  delicate,  subfibrous  mica  (damourite)  variable  in  thickness 
f'"«>ni  1  to  over  '2(V""*  in  diameter.     When  in  immediate  conUict  with  the 
'■^"•rundum  the  altered  mineral  is  gen(*rally  almost  compact  and  scarcely 
P*"«'sentsa  crvstalline  structure,   farther  awav  fnmi  it,  it  becomes  more 
*^"Aly,  the  scales  increasing  in  quantity  and  size;  often  large  plates  are 
'**ixoil  with  ver}'  fine  scales  of  mica.     The  color  of  the  compact  and  sub- 
file i-oiis  mica  is  generally  of  a  very  delicate  pink,  but  sometimes  also  white 
*■  itli  silky  Uistn; ;  the  scales  are  mostly  white  with  a  yellowish  or  silvor- 
,ff*~a^y  tint.     Masses  of  such,  partly  altered  corundum,  of  o\  rr  150'"'"   in 
'^■s*.  meter  have  been  found,  containing  nuclei  of  nearly  unaltered  corun- 
*1**  »»»  of  from  10  to  KM)"""  in  diameter,  sometimes  showing  the  beginning 
'^^  rfc  f'hange  into  mica  and  albite,  where  the  altemtion  has  been  facilitated 
''>"     Assures. 

-  ^-  A  very  remarkable  sjwcimen  from  the  same  mine  is  an  imperfect 
'''*^~  s^lal  of  muscovite  with  plates  of  t>.')"""  in  diameter,  showing  tlm.'e  or 
foil  »- sides  of  SI  six-sided  prism.  The  upper  and  low<^r  part  of  the  original 
*^''>'s*fal  are  l>n>ken  ott',  but  it  is  still  >^ver  50"""  in  heiijht.  It  has  an 
'■"  *  t  meiitly  basal  cleavage,  easily  splits  into  thin  elastic  lamina'  and  has 
^  ^  »  row nish- gray  color.  In  the  center  ol  the  ervstal  and  also  in  the 
^**'^^"  ^T  pjirt  are  nimnants  of  smooth,  bluish -gray  cleavable  corundum 
tHftt)  I  A  to  lO*""*  in  diameter.  On  the  exterior  portion  of  the  muscovite 
*'^*  *       small  quantities  of  albhe. 

^^       The  altenition  of  corundum  into  muscovite  and  albite  is  perhaps 

sill  1      better  re[iresented  by  a  spe<;imen,  <M)nsisting  of  an  ini]>erfect  crystal 

•*^     >  iiti^'ovite  of  a  brownish-gray   color,  of  over  SO"""   in    diameter  and  a 

ihic  -  Viiu'^is  of  40"'",   to   which  is  atlachiMl.  especially   on  one  side,    white, 

^^''  =  *  x-;iIi|l'  albite.     The  whole  specimen   i>  ov(m*  150'"'"  long,    about  S,")""" 

^r*  •i^i\  nn,i   4rjiiiiii   tiijj.j^,     Diss<*minaled  thnnigh  the  ma^s,  both  the  mi<*a 

^"'  ^      llie  feldspar,  are   remnants  of  crystals  ot    grayish  blue   corundum. 

'■^''^  ••mil v  there  is  a  thin  seam  of  miea  betw<M'u  tin*  eorundum  and  t'eld- 

M***- «",   hilt,  in  many  ]daces,  the  latter  i^  iii    immediate    contact  with  tin* 

«'^»f">  1  luluni.      The   corundum    shows   distinctly  the   action  of  di.-snhiug 

5^-**  11  Is,  it  i*  roun<led,  smooth,  as,  it' waierwoni.  scuneiinies  <«()rruir:it<i|.  etc. 
■   l&ewholir  mass  has  the  a]>pearance  of  a  i-oarse  grauiie,  in  wbiili  the 

q"i^¥-t/.  is  replaced  by  corundum. 


(Jc'iith.]  *>"(>  rAujruntl 

Tho  corundum  (closely  nsciubles  the  cojirsc  crystals  which  arc  a««^i 
c'mtod  with  mica  and  feldspar  at  nmcnsk  and  the  River  Bsir?<>vka  ii 
the  Ural. 

The  analy>i>  of  the  hroadly  foliated  niuseovile  (c  1),  that  of  ihi* 
alhite  ((!  2). 

d.    Verv  iiilerestiuir  varieties;  of  altered  corundum  have  been  disi*overeil 

•  •  • 

hy  Mr.  .1.  A.  D.  Stephenson  of  Stalesville,  X.  C.,  at  iielt's  Bridge.  Ire*M/ 
county.  X.  C.     The  corundum  has  a  j^niv  and  ;rravish- while  color,  a  ml 
occurs   in    masses,    sometimes   over  a  foot   in   diameter,    but    ^rneral'v 
smaller  :  they  are  irrcirular  in  form,  always  more  or  less  roundeil,  snim- 
limes  t^lobular,  egi^-shajK'd.  rarely  pyramidal  and  showin^r  yet  thr  crvv 
tallinc   form   of  c«>rundum,   but   of  tho   original   minenil,  many  of  rk 
irlnbular  mask's  do  not  contain  a  trace,  others   contain  t^mall   jwrticks 
dissrminated  through  the  mass,  or  a  nucleus  in  the  center.     Tlicaltcrnl 
minrral   if*  mostly  mica  (damouritc)  some  (ff  the  six'<'imens  als«^  nuitiia 
black  tourmaline;  in   radiatimr  crv<talline  masses,  wliitrh  sometime- *i;Ht 
from  the  corundum  nucleus,  but  not  always.  The  mica  is  either  coni|*;itl. 
<>f  a  LTayi^h -white  color  or  subfibrous  (analysi.s  (dl;  by  Miss  Mary  T. 
Lewis,  after  dcduclin«x  o.Ol  of  corundum),  and  very  tine  scaly  with  pt*arV> 
lustre,  the  xalr-;  rarelv  a^suuu*  a  size  of  more  than  2"""  in  dianit'tiT.     I"* 
one  of  tin' specinu'iis  in  which  all  the  <-oruiulum  has  disapiMf.'ircil.  I  ii-*  " 
ticrd  miuulr  cavities,  containing  fragments  of  a  vitreous  minend  wli-  ■   " 
aj)pi'ars  to  be  quartz,  but  the  (piantity  was  too  small  for  further  e.\:U«ii  ».  "'" 
tii>n. 

Tn  <oiniefti«)M  wiih  Mil*-,  1  uill  nieniion  a  sjuM-iinen  fr^m  the  «i:ini«  j" 
c.ilii\.  r('((i\iil  bv  (■ol..bw."pb  Willenx.  It  appe.ir^  to  Im- a  fraLini'-iit  't  ■  *'' 
ir.'"j,:r..ir    b'\i'i'>:ril    ]»yi-m,  a  lillb-  fiv.-r    KM''    biii'li.  and -oni  ■nhi"  1-   "" 

lil".':id.       Tb'-  ni  l_iili.il   Um'Wx  i^  -i;irril\    prrccjilibli'.,  tin-  >idi'-  beiiiir  re::ii'   ?  *   ' 

Mill    loii'jb.     Tln-rr    i-  :i  mrr   ot'  iin;ilirriil    irniy    corundum  of  Hi  X  •'■'■' 
-111  iii'lieii'l  Willi  ~"lb;ili!<»i!>-.  ;iii<l  oil  ibe  oiiJ-idt'  with  sealy  niica.  i!i'!i'*  -  ■''- 
liiiin  !e  -   ot   ri!i:iiiiij.    M.k  ^    l"ni  nnliiM- ;  di^-^t-miiiateil    thr«»u.:h  Mr-  ■   ■'•■ 

.ll'-  r    ;|    •■■•iMMtbl'ii    :ilr     liiiliy    li'Mlltb-'l     Mll--r>*    of    \\     bn  »\\  Ili-ll  p-d  - 'f*  "■■ ' 
Ir-'!i     I    lit   '•  '11    -ii  il;.e!iv.     nil    :i-.- >.-i;it  !■  HI    \\bi<-Ii    \    never     b"r>'r'.-  li''' 

o!.-.  :•',.■!.     Til'-  .■iiiil;. -i-  <»t'  lli.-   -iii''ibrou~   mie.i.  '^urr.Mindin-_i  ib'^'  >■■"'■■'■. 
('m:  ■!    \N   .■   li    bi-   ■>    ■::   mm  I     l>\    Mr.   I''r.i!»U    Princt-  >ho',\  ^  ih-it  a  ]•■:'••'■' 
!■!'  ■!!■   .''1«  I  !■  ■  :■■.■■  b.  '  :i  r-  \'\:v  '  il  l'\   biie-  nbij. 

I        I  .    1"^!'"'   <   'II.':  !  ii'i    WM-  tli-' ■•■. '  li-tl   in   till'   nne.ieeoU'5  -^eln-i*^  •■■  •' 

!'.■     ',:    ■■■.   < .ii"\      A 'il- iin.i    I'l"   *\bieb   numerous  >]»riiiin'n- 'i:'" 

!■■  ■•    ;■•      '•'!  ■    :  ■••  lie-   ''V   !>:•    l!:;.'-  iii-  A.  Siiiilh.  Stale  <;«vil  •-'' "' 

A       ,'■   :■.      I 

I'    "-  •.    !■  ■■•'  i    ':i    !i    \.ij  •!!  il    iir'-iii-^.  but   aKo   in   iivr.iiiii'i.il  t"'"'' 

:ij't  ii .  ■.•  ■-.  .  I  ■.  •  \       i|.-..     <:     \i!\   ri»iij[;b  iMid  alt<'reil. 

T  •■  '  ■>:  ■■■.■!  ■'■'.'  !■  '  ■:  .  }■■•■  i'\  I  .I'pl  br.  iji/e  <r»b»r  .  "".om-  "i.ii  ■•'■^' 
;,i' !•;•■.  .1  •••■■.'•  ■•.  :  . ;.  A '.'•■_-;  I  Ir-  1  1' jc  miinbi-r  of  «.j)rTimr:i' «■■'■' 
1    1 1       I    ■••.,:i!'i'    !     I    !i      '■    in  \ '■;■-■.  !i  ■':ii"  \\  bl«'b  wa-  free  fn)iu  ali  n*''-'-^' 
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turo  of  grains  of  mcnticcanitt? ;  in  some  of  the  crystftls  tlion;  wore  only  a 

f»'W  miijill  ont.'s.  nirrly  tivrr  om«'  n»illim<*trc  in  size,  in  otiirrs,  tin*  ([iiantity, 

ilisscminattMl  throui^h  \]^o  (.'orundiini.  i.«*  vltv  liiri^o,  and  a  ;:ri'at  jxirlion. 

pruhiibiy  in  the  aoi  of  (•rystallizati<)n,  has  hoen  pushed  to  the  outside  of 

thi'  foriindum  rrystals,  ami  ;rivcs  them  a  coatinir  of  menaeranite,  which 

*>iiit'tiinps  reaches  a  thi<'kness  of   .V""'.     The  nienaccanite  ;;niins  have  no 

distinct  form,  they  have  an  iron dilaclv  color,  and,  on  a  fractun-,  submetallic 

lu<tn\  they  are  not  magnetic,  and  i!;ave  the  followini;  composition  : 

TiO,  —  17J52 

Fe-A  ==  07.:Mi 

\U  )3  -^  :J.  7:J 

FeO  =  11.14 

MirO  -  ^  0.2T 

SiO^  =  0.41 


l(M).5:i 

The  only  altcnition  of  this  (rorundum  which  I  have  noticed,  i.s  that  into 
tnic';i  and  small  «[uantities  of  tourmaline,  but  the  spc<'imens  which  have 
^»«'cii  obtained  from  this  locality'  are  the  most  beauiiful  and  of  jrrcat  wien- 
tifir  intercut. 

The  bn)\rn  corundum  is  surrounded  with   jrrcenish-while  suhfihrous 

tnica,  showini;  un<ler  a  good  mairnitier  a  very  tine  <caly  stnn-ture;  this 

ni'u'ii  is  stmictimcs  only  a  very  thin  coating,  but  frequent  1}'  from  2  to  5'"™ 

ill  thickness,  surrounded  by  line  scaly  mica,  much  of  which  has  chanLred 

'o  lin iwn  scales  with  submetalli(r lustre,  which  largi'ly  c\f«>liatc  when  healed, 

like  jrtreri««ile  or  maconitc.     In  som<'  spe<innMi^  the  subtibrous  mica  peels 

•^tV  and  then  shows  the  edges  of  the  corundum  rounded,  and  the  whole 

^Mrf.iccj*  acicd  U|M)n,  as  if  by  a  solvent  ;  oilier  specimrns  contain  a  core  of 

l»riiwn  corundum  with  the  star  of  >ix  rays  ;  the  corumlum  siill  shows  ih<! 

'■•"'m/h/ hexagonal  form,  but  the  subtihrou'j  Lrrerni>h  white  mica  forms  a 

f'litl  around  il  with  ptrftrf  /uruffo/tnf  m'thaiim]  ^harji  edges  (analysis  n), 

^^*»"  whole  bein^  imbedded  in  line  «jcaly  mica  sehi>t.    Where  many  ofsuch 

l*^inly  nlii>n*d  coninthim  crystals  an*  crowded  t<>geilicr  in  the  mica  schist, 

"»*'  iippearance  reminds  one  of  plum  puddinir. 

M:iMy  of  the  corundum  crystaN  are  almost  crmiplclely  chanircd  into 
"^'••si.  Then  they  are  often  llalt<'ned  out.  and  form  irregular  nodules  in 
'be  niicii  ;4f:|ji.;t,  having  a  whiiish  or  trreenish  while  <"o|or,  are  lincvicalv  on 
'lie  vii^fm.,^>  isonietiuK's  imbeddinir  sm  ill  >leM(h'r  cry«4tals  of  black  tourma- 
"**«'),  liut  compact  or  very  tine  granular  in  iIn'  interior.  On  breakiuL'.  smnc 
y low  Vet  minute  trices  of  unaltered  eorundum  ;  othei^i  ha\«'  nut  a  trace  of 
'^  ^*"ft.  and  have  not  the  reumtrst  resi-mblance  to  mi<'a.  but  iimre  tlnr 
"I'Pranuicc  of  a  grayish  white  compaet  lime^t<uie.  Analy-i-  nf  the  mm. 
l'-»«t  mica  (e2).  ^ 

^^^*i  nienaccanite  which  wa-  in  the  original  minend  i-  aUd  pn-^nii  in 
*^'<^  allvred. 

J'kui*.  AMKit.  riiiLos.  sue.  \\.  irj.  -*w.     rniMi  i>  •^kit  ♦'..  jsvj. 


I 


Oenth.]  388  [August  18, 

The  anah^scs  gave  : 

ol             c3              di              (12            el              e2 
Spec.  Grav.  =  2.640 • 


SiO^  r^  65.52  —  45.26  —  45.96  —  44.03  —  44.54  —  4o.0(»»   Ji 

AlA  =  22.25  —  36.33  —  38.22  —  40.16  —  36.53  —  36.08^*=^ 

FePa  =  trace  —    1.96  —    0.61  —  trace  —    8.26  — 

MgO  =  0.14  — 0.37  — 

CaO  =  1.96  —    0.35  —     0.37  —    3.14  —    0.23  — 

1j\.,0  = trace  —  trace  —  trace  — 

Na,0  =  9.54  —    0.48  —    0.74  —    1.43  —    0.65  — 

KjO  ~  0.53  —  11.09  —    9.21  —    6.66  —  10.88  — 

Ignition,  =  0.22  —    4.50  —    4.89  —    5.04  —    4.^5  —    4.68F^ 


100.02  —  100.11  —100.00  —  100.45—100.60  —  99.3tj^^ 

f.  Another  h)Ciility  wliich  furnishes  flattened  nodules  of  mica,  "with  ^r^ss.  a 
nu<!UMis  of  corundum,  is  tlie  Ilaskett  mine  in  Macon  county,  N.  C.  The}*^*^^  y 
are  mostly  small,  rarely  over  10"""  in  diameter,  and  contain  a  grayish —  -*- 
"White  corundum,  surrounded  by  a  subfibrous  or  fine  scaly  mica. 

There  are  many  other  localities  in  "which  corundum  altered  into  mtca'it  ^  ^* 
have  been  o])S(3rved  since  the  publication  of  my  paper,  but  the  specimen8e=s  ^^^ 
from  them  do  not  present  any  other  than  ordinary  interest,  I  will  there-  'S^=^  ^' 
fore  mcmtion  only  a  few  localities  :  Franklin,  Sussex  county,  N.  J.  (rare),.  ^  ^• 
Hogback,  Jaekson  county,  N.  C,   Cheohee,  S.  C,  and  also  corundunr'^"*  ^ 
from  gnivel   beds,  at  the  Placer  mines  at  Gainesville,  Ga.,  Brindetowi 
and  elsewhere  in  Burke  county.  McDowell  county,  etc.,  N.  C. 


--n 


4.     Corundum,  alteretl  into  Mar  go  rite. 

The  ehani^e  of  eorundum  into  potassium  mica  is  far  more  common  than 
that  into  calcium  mica  or  mar^arite. 

a.  One  of  the  lirst  observed  in  this  State  was  brought  to  our  notice  by 
l*rof.  B.  Sillimun,  in  1849,  who  published  a  description  of  that,  found  near  ^^  ^Z\ 
Villiiiie  Green  (.\m.  Journ.  of  So.  [2]  viii,  378),  of  which  he  gives  several  ^ 
analyses  by  Mr.  W.  J.  Craw.  When  I  published  my  paper  on  corundum, 
I  did  not  n(»ti('e  this  occurrence,  as  I  had,  at  that  time,  not  been  able  to  ex- 
amine any  specimfMis.  The  corundum  is  of  a  dark  brown  color,  showing 
sometime'*,  es]>ocially  when  "wet,  beautiful  reflections  of  a  rich  bronze  color 
and  submetallic  lustre.  It  is  mostly  in  remnants  of  imperfect  crystals 
imbedded  in  the  altered  mineral  in  scales  of  a  silver  white  color  and "X)e«rly 
lustre.  I  have  also  some  specimens  which  are  imperfect  crystals  having 
a  core  of  uualt«Ted  corundum,  surrounded  with  subflbrous  and  flne  scaly 
margarite. 

I  will  mention  that  the  locality  formerly  known  as  Village  Green  is  now 
Samuel  Smith's  farm  (formerly  Isaac  Morgan's),  Aston  township,  Delaware 
county,  Pa. 


^n 
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1).  At  the  Hogback  Mine,  Jackson  county,  N.  C,  most  of  the  corundum 
ij^'liich  U  altered  changes  into  muscovite,  but  margaritc?  also  ocreurs.  It  is 
rt.>iind  with  corundum,  associated  witli  an  eartliy  yellowisli  mineral,  like 
tliticnf  Gainesville,  Ga.,  mentioned  in  my  first  paper,  in  which  it  is  im- 
l>t:*«lded  in  small  white  pearly  scales,  often  fan-shaped  and  radiating  fn)m 
a  <'enter.  I  had  only  a  small  quantity  of  not  (piite  pure  material,  of  which 
I  liavc  made  a  partial  analysis  (b). 

c.  I  have  analyzed  a  specimen  from  Union ville.  Pa.,  which  is  quite 
interesting : — 

The  mass  consists  of  a  greenish-white,  compact  mineral,  showing  only 
T-«.Ty  slightly  a  fine  granular  structure.  Interlaminated  are  very  thin 
niif*ac»*ous  strata,  separating  the  compact  mineral  into  layers  ;  the  whole 
in<:losing  a  nucleus  of  unaltered  gray  corundum.  Th(?  outside  of  the  mass 
u*  cosited  with  a  sc^ily  mica,  the  individual  scales  var3'ing  from  1  to  2"""  in 
Fize,  which  is  evidently  the  result  of  an  alleraiion,  showing  in  the  first 
plnce  the  change  of  corundum  into  compact  margarite,  and  s(»condly,  the 
cliangc  of  the  latter  into  muscovite. 

Tlie  analysis  of  the  margarite,  as  pure  as  c-an  be  selected,  is  given  below 
fc  1),  but  also  a  ixirtial  analysis  of  the  resulting  muscovite,  but  of  material, 
c*<:»ntaining  an  admixtun;  of  margarite  (c  2). 

<1-    Vcrj'  remarkable  specimens  of  corundum,  usually  surrounded  by 

»^ifM-garile  have  been  found  at  Hendrick's  farm,  Iredell  county,  N.  C.   The 

**oriindum  occurs  in  heAagtmal  crystals,   sometimes  tap<"ring,  as  if  they 

^'**rc  verj' a<'Ute  liexagonal  pyramids,  with  basal  plane.     They  are  verj' 

iH'rfcci  and  from  50  to   125"""  in  length,  of  a  pale  brownish  or  grayish- 

'^'l* lie  color.     Many  of  the  specimens  contain  numerous  cavities  which  in 

^"iiosit  cases  arc  small  and  indistinct,  so  that  it  is  difficult,  if  u«)t  impossible, 

to  K|.iir{rest,  what  may  have  produced  them,  others  show  a  bcxagtmal  form, 

'*ut  in  one  specimen,  which  contains  larger  cavities,  some  from  10  to  15"'"' 

'^   »ize,  verj-  little  doubt  is  left  that  tin?  mineral  which  previously  oceu- 

l»5o«l  them  was  corundum  in  crystals  showing  a  hexagonal  pyramid  and  ' 

Theconmdum  from  Hendrick's  farm  is  always  altered  on  the  surfa<^e, 

"^'hich  is  enveloped  by  a  coating  of  marirarite,   from  1  to  0"'"»   in  ihick- 

'^<*S8.    It  is  randv  subfibnms  and  fine  sealv.  but  nuHtlv  compattt  and  mon* 

'*T  iess  porous.    It  has  some  black  tounnaline  in  small  crystals  or  erystal- 

"fte  gmitps  Imbedded  in  it,  and  on  its  surface  it  is  beginning  to  change 

^to  mascovite.     Where  the  margjirit*'  i«<  in  contact  with  the  corundum, 

tue  latter  has  become  rcmgh  and  eaten.     The  analysis  of  the  purest  from 

^*«  locality  gave  me  the  results  (d  1),  a  li'-^s  pure  sprcimen  was  analyzed 

in   the  liabonitof}'   of   the    TniviTsiiv   '>f    Pennsylvania   bv    Mr.  Krank 

Julian  (d  2). 
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b—  <-l  —  c2  —  rtl         — 

Specific  Gravity  —     —     —  2.1)S>7  —  —  3.004    — 

SiO,  "  20.07   —  84.10  —  —  8*2.  .V,  — 

A]^i\  -_  50.44—  47.38  —  —  48.87  — 

Vvfi^  ==  trace  —  O.U  —  —  0.00  — 

MgO                     =^ 0.17  —  —  0.23  — 

CuO  =  11.  (W  —  1).20  —  —  10.48  — 

LijO                     --    —  tnice  —  —  tnice  —     i 

Na,0                    = 1.14  —  O.bO  —  2.;W  — 

K,<)                     —   —  2.:i4  —  8.80  —  0.43  —     • 

Ignition  =    0.G3  —  4.43  —  4.15  —  4.:U  — 

Connulum          =    —  0.r)4  —  —  -^—  —     - 


1)0.04  —    90.88    •—  Ifll 

'  .7.    Corundum,  oJUred  into  FibroUte. 

a.  In  my  previous  paper  I  mention  an  observation  by  Pn>f.  C. 
Shei)anl  that  at  the  Falls  of  the  Vantic  near  Norwich,  Conn.,  siii 
crystals  of  sapphire  arc  completely  surroiindefl  by  librolite.  Siiic:*  ili<' 
J'rof  (ii'orge  J.  IJriish  has  kindly  prescntecl  to  me  a  spocinicn  wh' 
is  <iiiit(*  interesting.  It  is  a  tibrolito  of  a  brownish-white  color.  antlsii"ff 
if  e.\amine<l  with  a  strong  lens,  disseminated  through  tlie  mitss,  nuiuin^: 
particles  ()r  remnants  of  gray ish-l)lw(?  corundum  from  which  the  fil»n>!l 
was  formed  ;  but  besides,  there  is  implanted  in  the  tibrolite,  a  smill  1»''^ 
gonal  crystal  of  brown  corundum  .")"""  long  and  l..V»"  thick,  vlii*^^ 
mU'-t  have  (TystnlliziMl  .-u  ih»'  time  when  the  tibrolite  w;h  tonn'.'<l. 

b.  K'Mcnlly  tlii-  nirr  altcriiidii  of   c  >r;niiliini   inl«)   libr.)!ifi'  h  i*  ■■ 
fonipl  in  nnuMTDM"-  >|i(Miiii(n-;  al  Slioup'-  Fnrd.  liurki*  Co..  N.  (  . 

Tin*  cnrMMdiuii  ()cciir>  in  a  inicM    x-lii^t   in  crystals,  sarviiiL:  •-•:■''• 

ln'twi'i'ii  '2i»  and  7.")  ■•  ■   ill  lcn'j::li  and   tVoin    U>   to  4''i in   thirkm*'*.  :' " 

a  lir«>N\  II  or  a   Ifmn/.r  rolur  and   manv  crv-^taN  i*\hibit   a  >l:rr  «'t' -ix  i"-; 

«  • 

Tile  (  Tv-taU  ar«-  tV«"ipiiMitl\  llitt«Mi«d.  alwa v^  alter«'d  »m  tin*  <u:"t  i" . '■''■ 
III  a   <lr]ith  of  ■")     ".     Tin-  alt'Tarinii  i(Mi<i<t*'  of  an  aurrolr  oi'  X'-ry  '■"■ 
•tilir(iii«.  and  ladiatimr  whitr  lilirnliic 

li  -i-fiii- tiMt  -.:il)--.iMt  iii]\  tin-  iil»r  •litr  undtTwi-nt  a  piriial  al*  r-"  " 
into  luifj.  a-  till-  mi- .1  -<lii-t  in  wliirli  ilic  try-iaK  are  inilird>li-.l  ii::':»' 
.-till  a  l.iij"  a'lini\*i;i"''  i-t'  rii)r<ilitf. 

r.  1  lii\«'  \<r\  litilr  diuili*  iliii  ill.'  alteration,  de-crih:*!  l»y  S  "'■ 
Malir!).  t'li  r  ^I  iii-M- ili>  j;<".  l^^'il,  :l>~)i.  nfc. n-uiiduniinto  7'/ ''7:  t'rnin  iiir"*""^ 
in  :li'-  I  ril  i-  r-ill\   ihat  iiil. '//'/.■..''■/, . 

'I'lit  al'-ii-'l  iii;ii"1m1  -iiiiuiii.l-  a  i-.);-!'  dt'  un«'h:UiiXi'il  rnrunil'i!!!  ■^"• 
wlii<li  ii  ia«li  it<-.. 

y\\  (•iiiiiinii    i-,  -iipj)  ii'ti  1   iiy    ilif    tart   til  it    Sillcin*-*  de-criptl-ui  "•  •' 
altciaiinii  i-    idrn' it;i'    wiili    in;-i'     ni"  <  oniiulinii    into    flbn'litf  :    lli'"-'"' 
i\\\  \\'\/  \  civ   I  i^  '-'n  a  — I'.ni--   1  1"  i-'i  i'"  .1  -'  luriurc  ;  that  tihri  •;!'••  1;  i'  '  '•'■ 
1  Ik    liii'!rif>>  '.I   i|-:  i- '  /  .   :.»i.l  t-n  ,'! .   ;  ii  r  lii>.  -^'aii-in'-nt  i-.  im:  ~n:>l"  ''■'  '  • 
:i  [|  anal  \  -i-. 
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6.   Corundum,  ttlWrcd  into  Cyanite. 

a.  In  the  t^ravcl,  two  miles  We«t  of  Statosville,  Iredell  Co.,  X.  C,  an 
in  teres! in "C  >pecinien  has  been  foiuul,  consisting  of  a  nucleus  of  pink 
c'olon-il  connuluni,  around  which  is  crystallized  pale  blue  cyanite  which 
l;itt*T  has  evidently  resulted  from  the  alteration  of  corundum. 

1).  In  some  specimens  which  I  have  recreived  since  the  publication  of 
my  first  paiHT  on  corundum,  I  have  observed  that  the  coars(jly-bladed 
crystalline  masses  of  cyanite  from  Wilkes  county,  N.  ('.,  resulting  from 
the  iilteration  of  corundum,  are  further  changed  into  miciceous  minerals. 
They  are  very  finely  gninular,  scaly,  and  show  the  bladed  structure  and 
cleuvaire  of  the  original  cyanite,  and  between  the  lamime  minute  seniles 
of  ini(r:i  and  a  little  quartz. 

They  have  a  gniyish  to  brownish-white  color,  faint  pearly  lustre.  II  =: 
-o.  sp.  gr.  =■  2.1)20.  Tlie  purest  material  has  be<Mi  analyzed  by  my  son, 
Mr.  F.  A.  Gentli,  Jr.,  who  found  : 

SiO,  =  :r).58 

Al.O,  =  41».12 

FcjOj  -—  trace 

MgO  ::=  tnuo 

CaO  =  (;.:U 

Xa.O  =  2.11 

K,6  --  :1.01 

11,0  =  4.12 


i(M).r>8 

*  liis  analysis  would  correspond  to  about  r>0  %  of  calcium-sodium -mica 
(lUArafirite),  2S)  %  of  potassium  mica  (muscovite),  t>.7  'r?  of  unaltered 
O'^niteand  alxmt  2.G  ;i  of  quartz. 

7.    ^Mu:n  ii^re  the  Corundum  Alti  rations  formed  f 

*n  many  »>f  the  gravel  beds  in  the  Southern  Stat<»s,  esprcially  in  Xorth 
•*'**)lina  an<l  (Georgia,  corundum  is  frequently  nn't  with,  very  rarely  asso- 

''•Mf'd  with  dianumds,  but  giMicnilly  with  gold,  zircon,  monazite,  xenotime, 
'***«)kite,  (M'tahedrite,  rutile,   menaccanitc,  chrumite,   magnetite,   c^-anite, 

'^'*^net,  I'pidote,  «fcc. 

^    **h<j  C(>riindum  is  sometime'?,  but  rardv  found  in  crvstals  of  the  U'^ual 

*'*tM,  niostly  in  fnigments  and  <'leavair»?  pi<'ces  with  V(?rv  sharp  edirfs  and 

'  '^v:les,  which  hanllvever  an*  water-worn.  These  fnii^ments  show  that  the 
111  *  * 

*'icr.ds  have  Iwrn  broken  bv  a  verv  irn-at  force  which  had  acted  U])nn 

'^*rii  Vfry  nipi<lly.   Many  of  these  IVaguK-nts  give  evidence  that,  at  the  time 

'^en  the  corundum  was  broken  up.  a  ^rreat  portion  of  it  had  already  undi-r- 

•  'n^an  altenition  into  other  mineral.     The  most  frecpient  are  mu^^covite, 

^^'^tly  in  fine  scales,  sometime*?  in  sul)Iil)n»U''5  coaliiiL^<:  some  also  show 

^*l*U|>iir,  margarite,  black  spinel  and  tourmaline,  and  very  rarely  i'vaniie, 

^Uually  containing  a  nucleus  (►f  corundum.     The  altered  minerals,  accord- 
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iiig  lo  their  hardness  arc  more  or  less  waler-worii  and  rounded,  wliilsi  ti 
com nd QUI  which  Ihcy  enclose  is  (luite  sharp  and  angular,  which  fa 
proves  that,  since  tJie  f/reat  f/racel  deposits  loere  formed  no  alteration  ofti 
corundufii  has  taken-  place  in  these  deposits. 

II.  Alteration  of  OrtJiOclase  into  Alhitc. 

m 

Orthoclasc  changed  into  albite  is  undoul)tedly  one  of  the  most  intfn^r 
ing  alteration  of  one  mineral  into  tinother.     Numerons  occurreucrsof  i: 
have  been  observed  in  Europe,  but  lam  not  aware  that  it  ever  wa,«; no- 
ticed in  this  country  ;  I  will  therefore  give  the  descrijition  of  an  occur- 
rence from  th(?  neighborhood  of  I'hiladelpbia. 

At  the  gncuss  ([uarries  of  l'pp(T  Avt>ndale.  in  Delaware  county.  Pa- 
druses  hav<' some  time  ago  been  found,  which  are  lined  with  crystal?  "f 
albhe,  associated  with  those  of  muscovite,  and  mrely  with  be;iutiful.  but  ren 
minute,  crystals  of  white  beryl  in  hexagonal  prisms  and  many  pyrami'K 
small  crystals  and  groups  of  black  tourmaline  and   calcite  in  clKivaj:^: 
masses  and  small  scalenohedni,  1',  and  thin  hexagonal  ])]ate«.  wliichluitl 
so  much  the  form  of  muscovite  crystals  that,  at  first,  they  were  thought  l-.^ 
])e  pM'udomorphs.     >[r.  Lewis  Palmer,  of  Media,    presented  me  wiili-     ^ 
number  of  specimens. 

The  albite  appears  in  short,  slimt  colorless  or  white  crystals.  luoMly       '^ 
twins  showing  principally  the  planes  /  0.  i-'i.  J-t.  i-i  anil  /i.  and  /:  t    - 
latter   plane  verv  small  and    indistinct.     Many  of  the  crystals  ;»ri'V«_-' 
small  an«l  iiii])ri  reel,  and  forma  cry^lalline  (roating   upon  tin*  ciiin:"*" 
in:i^>><'>.  ciilMT  dircrljv  upon  a  llesh-colnred  orlhncla^e  or  a  irr.ivi^h  «:  - 
iihiuriocliisr  int«r\  I'liiiii:.      I  h:i\e  iin;ilv/.ed  ixTlV'cilv  colorh/os  <  rv.>':i> 

Smni'  of  tin*  .si)criini'n>  >lii»w  cnnclu-ivrlv  that  the  albite  i^  unin-  r-'   --  ' 
th;ni    \\\v.  (Htlinrlasi',   aiul    rr^ult-^   rn»ni   the  dei'onipo<ition  of  ilu-  •i'"' 
^onictlino  w  iili   \\\K'  iiifcniUMlialJMlcvclojuiieiit  of  a  ]tla:ri<»cla>«".  :iii'i  • 
tih'  ny-.;.iK  and  (•rv>tal!iiie  iiias.s<'<  of  mu-^r-dviK'  havr  n*suU«"il  a'  th-.  -t     ' 
lime,  ami  (oiiiaiii  ilu*  poia-^-^lum  »)\ide  of  tlie  fi>rmer  ortho<l:i-<'.    Tu      ■ 
lln»cla-f'  wliirli   Is  a»>'0(iat«'tl  with  tlu'«' albite  crvstals  foriii-.  llc^li-i"''^^' ' 
elea\  air*'  iiia^-e-.  wliieh   on   lheelea\ain?  jilane^  an*   l»riL:ht  aiiii  I'.'T'-* 
Till'  piiP-^l  \\lii<li  with   a   slroiiLMeiis  appeared  to  beA\itIiout   a-iin'A'- 
\\  a- es.Miiiiud   by  \\\\  ^mi.  Mr.  I-\  A.  <f«'nth.  Jr.     In  their  seeiii»!i*  nu  ■' 
I  in-  iiii<ri.-c.  ipr  if  -linw^  the  n-efaiiirnlar  retieulalir»n  <"hai"aeieri--:i<"t  "■■■•'  " 
cli^e.  I»ii:  iJ!^- ■miiiitel  thD'mh  ii,  iiiiniMe  pariicles  of  pla  j:io«  Ki-i. -'^■"'- 
l»iiH»l(ii  :iii  iiH  ipi«ni  rilii-raiinii  cjj. 

( >in  ~p«''  innii,  par!ii-ul:ir]\  i^  (luilc  iiiterestin;:.  It  is  a  ma"*^  <'i  ''"•'■ 
eh'avaji-  pMi!ii;i>  .i|"  tlt-li  ciiliH'ecl  and  white  t'eld-^par'^.  with  M-l-r" 
alliitf  ••iy'«!:iU  ill  (•:l^  iii»  <  aiel  eiystaN  and  scaly  ai;j:reL;alion>  of  in'*''' '' " 
afi'l  a  li'tlc  (|i;ii:/..  A  cli^n  aL^f  <i*\-!al  of  tlesh-eolored  orthorhj^'. '*■' 
<i  illy  n:i  dill-  -i'li-  -ie»\\  ^  .]  I'oHeii  appeararicf-.  as  if  in  part  t-ati  n  .i\^  '!■  ■' ' 
nil'-  •■1'  the  i-.i.!)'-.  umI  pia»i'>  i-  feplaecd  by  a  liniuiT  of  all'!''-  '■  ■■ 
l-iiiii   i»t  all  imp<  III  "I   I  i\-iil   iiiadi;  up  l»\  an  av:iXrei:alion  (if  luiin}  --  ' 
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JDcliviilualfl,  joined  together.  In  other  places  the  iill)ite  grailimlly  pushes 
itself,  as  it  were,  into  the  orthochise,  leivving  in  niuny  instances  only  a 
small  nucleus  <9f  the  flesh-colored  feldspar  in  the  white. 

In  other  instances  there  is  hetween  the  orthoclase  and  the  crystals  of 
1*1  bite  a  grayish  or  grayLsh-white  cleavable  feldspar  with  rleep  st nation. 
The  analysis  (H)  shows  it  to  he  a  mixture  of  albite  with  oligocla.se,  the 
oxygon  ratio  between  R/>  (RO)  :  A1,0,  :  SiO,  being  =  1  :  3.1  :  10.0. 

Although  not  in  conne(;tion  with  the  alteration  of  orthoclase  into  albite 
and  nniscovite,  I  will  mention  that  at  the  same  locality  orthoclase  has  also 
iKreii  found  in  colorless  crj'stals  (4),  and  white  cleavage  masses  (^5)  asso- 
ciated with  imiK»rfect  crystal  of  nuiscovite. 
The  anal3'ses  gave  the  following  results  : 


Sfieo.  Gray. 
Si,0 

Al,t), 

MiiO 
M^O 

CaO 

I>rnition 


rryi«taU 
of  ulbito 


2.004 
08.52 


Orlhorljine, 
ll»'!»h-ro«l 
clcuva^u 

2.555    — 
r>4.53    — 


=      19.44    — 


11.42 
0.05 


19.04 
trac(j 

0.25 
0.10 


.•J 

uliiTC'licn, 
clt'iiva^o 

2.t;20    - 
05.22    - 

21.44 

0.20 

trace 


rrv>*talKrtf 
rulurh'HK. 

.      2.595 
-      05.84 


_-      19.50    — 


Orthrti'lafe, 
whito 
cl«'ava|fe 
iiiaitN. 

—  2.572 

—  05.03 

—  0.08 
19.22 


—      trace 


—        2.07    — 


1.77    — 

13.02    — 

0.71    — 


9.30  — 
1.10  — 
0.5s 


trace 
0.08 
3.93 

10.00 


—        0.32 


0  *>'>    


1.71 

14.18 

0.13 


1(K).03    —    100.08    —    100.03    —    100.20    —    1(K).07 


^»U"h  alterations  of  orthoclase  into  iilhiti^  occur  not  only  in  the  quarries 
tjp|M*r  Avondale  ;  in  the  lower  tin:irrie.s  at  Ti»*ipfrvilh'  similar  facts  ran 
"*■  <diserved,  although  not  so  striking:,  many  of  th<*  large  orthoelase  cry.s- 
*'*»s  showing  small  imtches  of  a  thin  coating  of  a  while  feldspar,  albitii  or 
"'ijrnclase,  in  many  places  penetrating  into  the  orthoclase  to  a  consider- 
ahh.  oxtwit. 

^^^ijroclase  is  very  common  in  otir  gnei'^sic  rocks,  often  associate*!  with 
♦•nhfHrluse,  and   very    probably  it  is  the    result  of  the  alteration  <»f  the 

///  Alteration  of  Toh:  into  AnthophylUte, 

I  ho  suggestion  which  I  made  over  20  years  airo  (Am.  Journ.  Sr.  [2| 
^^^'  200),  that  the  chnmie  and  niekel-bearing  serp»?ntines  have  re-iilteil 
•">iu  the  alteration  <»f  chrvsolite,  i<,  \\\  prcM-nt,  1  ln-lit've.  irenerullv  ad- 
^'Uctl,  since  the  numerous  invcstigaliuns  of  T>ehermak,   von    Drasehe, 


iicnUi.J  dJ4:  [Angn« 

Grotli,  Sandbergcr,  and  others,  have  est4iblisUeil  beyond  doubt  that  ' 
chiiui;c  from  the  one  mineral  into  the  other  is  almost  universal. 

At  that  time  I  liave  also  shown  that  at  Webster,  Jackson  count  v. 
C,  a  foliated  tale  has  in  a  similar  manner  resulted  from  the  alteration 
chrysolite.     The  latter  altenition  has  since  been  observed  in  most  of 
localities  in  the  Southern  States,  where  corundum  dei>osit.H  are  found  a? 
ciated  with  chrysolite  rocks. 

In  Pennsylvania,  where  the  unaltered  chrysolite  rock  has  never  bcoii 
served,  a  rock  has  been  found  which  is  its  representative  and  contains 
same  constituents,  only  in  diflerent  proporticms.  In  North  Carolina 
granular  chrysolite  alwaj's  contains  small  quantities  of  enstatite  (hronzit 
in  Pennsylvania  on  thecontniry  we  have  an  enstatite  (bronzite)  nn'k,  <•< 
taininsj  small  grains  (from  5  to  10%)  of  chrystdite.  It  is  best  dc*vel«»i 
at  Castle  Rock,  Delaware  couuty,  also  near  Wood's  Chrome  Min»* 
Lancaster  (!ounty. 

In  all  the  chrysolite  rocks  small  grains  or  crystals  of  chroniiteari'il 
seminated  through  the  mass  of  the  rock  ;  in  the  serpentine,  which  ha-Ji 
suited  from  the  alteration  of  the  chrysolite,  these  crystuls  or  grains  a 
still  present  and  give  evidence  of  the  original  mineral.  This  isal**'!! 
case  with  a  peculiar  variety  of  talc,  the  so-called  "indurated  tide."  wlii< 
occurs  a  few  hundred  yards  south-south-west  from  Castle  Rock,  Delawai 
county.  Pa.  It  is  compact,  with  a  stn)ng  lens  shows  a  (Typtocn'stalliii' 
slightly  scaly  structure,  and  an  impure  gnvyish-olive  green  color.  H  =  ' 
Sp.  (ir.  L=r  '^>.7S9.     Fracture  splintery  to  subconchoidal  ;  dull. 

Till'  Miialv>i-^  ;iav(j  : 

(uli'nluto'l : 
SiO,  ^  r.J.I.S  iWAyy 

Tio,  :-  irac- 

Cliroiuiic         :..  0.20 

(  r.o..  r.  :  \).\:\ 

AH).  —  {).:,[) 

Nio  --  o.h; 

I'.o  III.-)  .-».:•: 

M-o  ^  2:.i;o                             'jT.sij 

I.:iiiii«»n  -—  1.>^1  4.<>-'> 


Tlii-  i-  M  'mI'-  in  which  mIkhh  r.in-  U'n\\\  of  the  magnesia  i>  ri'pl:j't'^ '■' 
t'' ri-tii,  .»\il.-  _  II  <  Ml.'"  ,.  F«'/  '.  ^il<^J.  represented  by  tin-  cal''.!^'' " 
ain  1_\  -■-  :iIh»\  c  L:i\  «'ii. 

T.ih- i-   -'Ih-imIS    niM-   «it"  till     //./."'  pn)ilu<'t>  (»r' tin*  alt^'ratii'ii  "f  "'"'■ 
pxU- aiil  ini:i<  r:ii-.    Iml    in    ihi-   ca-i-,    il    has  >nirerrd   ;i   wry  ri'linrk'- ■■ 
ihiiij"'    ill!'"    :;ii^ii>;»li\  !!1:<'.      It    i-    ••MNrlopctl   ]»y   an   aureolr  «.!"  ;MV.: 
iir  J  r  i\  !-h  u  hi'"  II, 'IP  i.ii    ra-lJ.-'iiu  !i""iii  thf  luirleu^  i>f  lah-.  liavin^  :»'!-'* 
lie  '  di   tV»iin  a  liw  i"it»\i.r  l'»     '.      Thi-   inineral   is  librous.   (it"  >ilft\  '•*" 
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:uid  shows  a  lurgo  cleiivago  angle,  similar  to  ainpliibolo  ;  the  terminal 

planes  are  either  not  develoiHHl  or  broken  oft.  It  incloses,  like  the  original 

^^^*\  grains  of  rhromitc.    Its  Spec,  gravity  was  found  to  be  2.983.   Besides 

'»y  analysis  (a)  I  will  give,  for  comparison,  the  analysis  by  Dr.  A.  Brezina 

^f    the  anthophyllite    from  Hcrmannschlag  in   Moravia   (Tsc.liermak'>5 

Mineral.  Mitth..  1S74.  247). 

(  Astht  Kock.  Ilcrniannschlu};. 

SiO.                       =                .-JO.  88  -^                57.  :W 

Al,6,                     =                  3.4ri  —                  2.04 

CrjOa  --  trace  —  

Fe,0,                    =                —                 0.42 

FoO                      =                 1K20  —                 (;..5:j 

MnO  =  0.2S  —  

Xio  =,^  0.17  —  

MgC)                      -               2S..V)  —               2U.0S 

CaO                    =■-              --                o.m» 

Na,<>  --  0.18  —  

K.O  =  0.0:J  —  

lenition                =                 2.2^  —                 2.5r» 


99.  y  7  98.71 

*'''ri*m  the  description  of  the  mica  globules  from  llerniannsclila«x.  by  Di- 
rt'ctorG.  Tschennak  (Tschermak's  Min.  Mitth.,  1872,  2<i4)  we  learn  that 
"'•xt  to  the  anthophyllite-stratum  and  between  it  and  the  nucleus  of  biotite, 
'"^  •*-  St  ratum  which  has  a  seladon-green  color,  and  appears  to  be  a  mixture  of 
1^'^  iind  chlorite,  strongly  altered.  This  observation  is  of  very  great 
intcrf»st  in  connection  with  the  evitlent  altenition  of  talc  into  anthophyl- 
"^*?.  above  described. 

T*lieni  is  also  an  observation  <»!'  Dr.  F.  Becke  (Tschcnnak's  3Iin.  Mitth. 
[Xoiio  Folg<']  iv,  450)  who  noticed  th»?  alteration  of  olivin  into  anthophyl- 
"**^'  >>etwcM?n  the  gsibbro  locality  "Vier  Linden  "and  the  R.  U.  Station 
K<>sswr-in  in  Saxony.  The  olivin  shows  in  many  ])laces  a  commencin^r 
"tenxtion  into  serpentine  (or  talc.*),  and  is  surrounded  by  a  stratum  of 
*»it}iO|>hyllite  of  from  5-(i'""'  in  lldrkness.  This  seems  to  ha  an  analo- 
goU'i  case,  first,  the  olivin  altered  into  seriKjntine  (or  talc),  and  this  subse- 
Viently  changed  into  anthophyllite 

I  v.     Talc f  pscudoiiiorphous  after  Ma{jiietite. 

^i»  the  vicinity  of  Dublin  in  Harford  county,  Md.,  is  a  series  of  rocks, 
^'msisting  principally  of  gneiss  and  micaceous  schists.  They  are  under- 
^*id  \ry  a  bed  of  talcosc  slate,  changing  in  some  places  into  a  very  superior 
quality  of  massive  aoapstonc,  from  12  to  15  feet  in  thickness.  Immediately 
^Joining,  and  under  the  talcose  slates  and  soapstone,  and  in  most  cruises 
**parated  from  them  by  seams  of  chlorite  or  cliloritc  slate,  lies  a  very 
^^  bed  of  a  beautiilil  variety  of  green  serpentine,  mottled  and  of  darker 
*t»d  paler  green  colors,  of  about  500  feet  in  thickness,  and  under  this,  a  bed 
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of  motllcil  black  serpentine  of  Al)out  800  feet,  and  fro(iucntly  imljwMeJ  in 
tlic  latter,  masses  of  the  same  dark  green  serpentine.  This  immerse  Wi! 
of  serpentine,  in  its  two  varieties,  rests  ujKjn  chloritic  shites,  with  nuniir- 
ous  crystals  of  magnetite  in  octaliedra  and  twins,  so  called  hemitn'iKs:. 
and  talc  slates,  and  l^elow  these  again  occurs  another,  but  smaller  bed  •»! 
green  serpentine  of  about  180  feet  in  thickness,  which  like  the  other  i> 
underlaid  by  chloritic  and  talcose  slates,  followed  by  a  third  bed  of  gn-<^n 
serpentine. 

A  titan ifei-ous  variety  of  magnetite  is  found  in  lenticular  masses  of  van 
ons  sizes,  inten-alatrd  between  the  green  serpentine  and  is  ftetiuentiy 
bounded  on  the  hanging  wall  by  chloritic  slates. 

The  green  serpentine  is  quarried  for  ornamental  purposes  as  it  admits '>f 
a  very  tlno  polish  and  can  be  obtained  in  many  beautiful  shades  of  li;:Iit 
and  dark  green. 

The  chloritic  slate  is  generally  of  a  verj'  fine  scaly  structure.  someiinii> 
the  scales  become  larger,  from  0.5  to  1"™  in  diameter  on  an  averjit. 
but  nirely  reaching  3""'. 

At  one  localitv  in  this  larcje  belt,  a  cojirse  scalv  chlorite,  immediat'.lv  in 
contact  with  talc  slate,  has  disseminated  through  it  numerous  small  «k  :i 
hedni  of  talc,  pseudomon>hons  after  magnetite,  an  alteration,  which,  if  I 
am  correct,  has  never  been  observed  Ix-fon?.  These  crystals  from  1  to  ? ' 
in  diameter  are  of  a  silvery- white  color  and  pearly  lustre,  the  scalnare 
arninged  parallel  to  the  octahedral  planes,  in  the  center  is  <K'ca?«ioualIri 
small  nucleus  of  magnetite,  somi^times  as.«*ociated  with  ptilvi-rulfnt 
limonite. 

Tiiis  alteration  of  niiii^netitc  crystals  into  talc  is  of  importance  in  '"!i"'" 
tion  with  thi- steatite  bed  of  1*2  to   1.")  feet  in   tbiekno>;<,  to  whiili  I  ii »'■ 
nliove  reterred.  Ix.'caustf  it  shows  that  no  .iroo<l  reason  can  be  ^Iven  i'"' 
iradiet  the  proposition  that  an  entin?  mairnetite  bed  has  disappear'-!  i: 
ha-  hi.'en  replaced  by  steatite.     This  opinion   i>  proveil  by  th<'  tollo"'^ 'r 
■»li«.(r\atioii-. 

The  .stiatite  is  of  a  white  or  i2:rr*enish-whit<'  color,  it  ha<  nii»^tlv:iii  ' 
(.-veil  fracture.  <oine  si-ani>;  in  it,  howcvi-r,  irradnaie  into  a  >lafy  -trhi-'' 
('rvjitocry^talline,  :in«l   simwinu'.   when  powd<.'reil.  to  be  com  I**  »«;•■(";"' '•• 
ML'^Lcreirate  nf  «'\ci'cilin;rlv  tine  Nc;ilr>.     I)iAst  niiiHifcil  thmtitiUth'  irf'-'- 
it/f  t'lf/-/,'  sjni/s,   r'lum  f. !   fit  /"'"■■'  ///  ih'nini-tir.     K^^peciallv   the  lar;!' ■.■  ■■'■  * 

'•nnicl  ini«»  ii;i\c    '/    iltUniti    sliitpi    nf'  Sttfi/it  /•(  S  "/'  I'liitm^'X,   ttr  ntJn  r    !•>■' 

r«  .-*!  !■*!  n'l  !^»  I'fi'iiis   itj'  tiiiiiiiii  fit,    r,//\f  i/.<(.      The^e   dark   >|»ots  «if  a  tl'ii'^ -"^  ' 
'»r  in»n-l»]:icU  I'^lui-,  :irc  (jiiiic  -«(»t\  :im<1  can  In-  i'c<lnc(.'«l  t«»  a  i»m\v<1»'.    '.■•   ■ 
nail  'it   a  ti:iL:er.  ;Nnl  cnn-ixt  <»|'  liiu'  s<ai\"    tah'.    r. ».',>/■.  J   f,,/  rt  fn..-'--^ 
.•ri-ii;.,)'  t.,-i>'.i,it''t> .    wiijrh   li'iiiu'iitlv  can   he   "^eparatiMl   hv  a  iii:i-:  •  • 
ili--nlv<-<l  .111'  1)\-   ii\  .li-.M  hlnrl.    a«i.l.      That   «>nly  •"»  ^niall   nuni'- '"  ■■'  • 
:lar!v  -|">t.- -!i'»\\  thi-   t"i»i-iii   i»i' «cc'i(in<  fif  iiiai:iii'iti'.  whiNf   lu"-'-'' 
are  witli'iiit  <!■  linit-    -ii  .p- .    -li.>\\>   that    ilie   .iri.:inal   niaLirieii^' i'l '■ 
•A  a«*  •jTani;l:ii"  <•!■  cniiiiiai:.    'lUt   hni.   a-  !»  \  My  <*i»nnn<Mi.   '•/■yA,'.'.'>  -it'   ■    - 
•  it»-  ili»-t  !iii!:.iti-."  ihr-LiLfh  the  'A  !ii)li-  nia-««. 
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V.   Oahnite. 

..  Already  in  1876,  at  the  Centennial  Exhibition,  I  obscn-ed,  amongst 
ii:&iiienil8  fh>m  Western  North  Carolina,  a  specimen  which  was  so  unlike 
xKXxy  species  with  which  I  was  familiar,  that  I  was  in  doubt  about  its  nature. 
A^  little  fhigment  of  it  which  I  afterwards  received  I  put  provisionally 
ixzider  gahnlte.  About  a  *year  ago  I  recognized  the  same  mineral  agiiiu 
amongst  others  which  Mr.  W.  E.  Hidden  liad  collected  in  North  Carolina. 
"^rlio  very  kindly  gave  me  some  fragments  for  investigation,  which  proved 
it  to  be  gahnite. 

Apparently  without  form,  a  fhicture  between  splinter}'  and  conchoidal, 
siiid  of  a  very  rich,  darli  green  color,  which  can  best  be  observed  by  trans- 
mitted light.  H  =  7.5.  Sp.  Gr.  =  4.570.  The  analysis  is  given  below 
(&>,  after  deducting  0.09%  SiO,  and  (a  3)  the  calculated  results. 

It  occurs  rarely  at  the  Deake  Mica  Mine,  Mitchell  Co.,  N.  C.  The 
specimen  at  the  Centennial  Exhibition  was  about  4^°*  long  and  S**"'  broad 
and,  with  an  exception  of  thin  micaceous  coatings  between  fractures,  was 
free  from  admixtures ;  Mr.  liidden's  specimen  was  about  2  to  S-S*^*"  in 
size,  and  was  surrounded  by  a  thin  coating  of  about  l*"™  in  thickness, 
consisting  of  yellowish-white  fine  scaly  muscovite,  evidently  the  result  of 
alteration. 

b.  Last  summer  Mr.  Charles  £.  Hall,  of  the  Geological  Survey  of 
Pennsylvania,  brought  me  for  determination  a  number  of  spechuens  from 
the  Cotopaxi  Mine,  Cliafiee  county,  Colorado,  which  were  found  to  be 
gahnite. 

It  occurs  in  large  rough  crystals,  principally  octahedra,  some  of  the 
crystals  show  also  the  dodecahedral  plane ;  the  largest  crystal  which  I 
^▼e  seen  has  an  octahedral  edge  of  IK*"  in  Icngtli  ;  the  crystals  are  often 
^latorted  and  Aattene<l  out  by  tlie  enlargement  of  two  opposite  octahedral 
Phines.  Besides  containing  inclosures  of  galenite,  and,  in  smaller  quantity 
of  chalcopyrite  and  pyrite,  they  are  very  mucli  altered. 

When  in  a  pure  state  it  lias  a  dark  blackish-green  color,  and  an  uneven 
^^  subconchoidal  ft^cture.  The  material  for  the  analysis  was  very  carefully 
*^iected,  and  first  treated  with  sulphuric  acid  to  remove  the  impurities,  re- 
*^lting  from  its  alteration.  Mr.  Harry  F.  Keller  has  analyzed  it  in  the 
^boratory  of  the  University  of  Pennsylvania,  and  obtained  the  results 
^b)i  after  deducting  1.8o  percent,  of  silica  ;  (b  1)  are  the  results  calculated 
'f*>in  the  analysis  : 

a  b  a  1  hi 

J.ej)j  =  4.r)0  —  ().r)S  —  ZnAl,0^  =c  8<t.:i4  —  .^{.1)4 

?,*-*<>  =  1.14  —  AM  —  FeAl.O.  =     —  10.44 

■A^'tO  =  _.„ ^„^ 

5_U<)  =:  0.:^  —  —  ML^vi!o!  =  1.07  —  :Hi.ss 


M:, 


a 

b 

al 

54.8<i 

— 

OO.  70 

CuAiPt 

0.0*> 

4.r)0 

._ 

().r)S 

ZnAl./), 

=2 

80.:i4 

1.14 

^— 

4..')r, 

FeAlA 
MnAl.O^ 

0.29 

— 

— 

O.Tl 

0.:U) 

— 

MjrAljO, 

1.07 

38.  a5 

— — 

2:^.77 

—— 

MgFe.O, 

-_  — 

2.4r» 

0.70 

— — 

10.  ;w 

.i— 

FeFe.Oi 



WXu 

Al,(); 



4.90 

5<)  =      0.70     —      10.;W    —     F'eFe.O.       =      WXu     —       (».s4 
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The  analysis  a  shows  an  excess  of  nearly  5  per  cent,  of  alumina,  wh. 
is  remarkable,  as  the  separations  in  the  analysis  were  most  perfect.    T' 
^^nite  does  not  come  from  a  corundum  locality,  and  it  is  therefore  i 
probable  that  any  has  been  inclosed  in  it. 

In  Mr.  Keller's  analysis,  2.10  per  cent,  of  alumina  are  wanting  to  fo  -mt-m-mi 
spinel,  KR-P^. 

/•.     AUi'ratioM  of  the  GahniU  frotn  Cotapctxi. 

Even  the  best  and  purest  specimens  ftx)m  this  locality,  which  appear"  to 
be  quite  fresh,  show  innumerable  cracks,  breaking  them  up  into  sna-^^H 
angular  fragments. 

a.  In  most  instances  these  are  coated  with  a  white  earthy  miner^^xa*!- 
wliich  dissolves  in  strong  boiling  hydrochloric  acid.  A  qualitative  ana.1  >'- 
sis  shows  this  coating  to  be  a  hydrous  silicate  of  alumina  and  magnet  1^^  • 
and  it  is  probably  the  same  substance  which  in  thicker  coatings,  has=3.  :t 
finely  fibrous  structure,  a  white  or  greenish-white  color  and  silky  lust  :«rc*. 
The  thickest  were  not  over  3°^  in  thickness,  and  were  very  mi-a^  ol» 
mixed  with  ferric  oxide,  and  other  impurities,  some  of  them  carbonates^  ^>" 
dilute  hydrochloric  acid  liberates  carbon  dioxide.  Does  not  exfoliate'  on 
ignition.    The  ignited  mineral  is  readily  decomposed  by  sulphuric  acid  — 

The  best  material  which  I  could  obtain  for  analysis,  although  still  v 

impure,  was  sufilciently  pure  to  dctennine  the  position  in  the  syst^ 

where  the  mineral  belongs.    It  was  decomposed  by  sulphuric  acid  a 

ignition,  then  the  silica  extracted  by  sodium  hydrate,  and  separated  fir 

this  solution.    About  6  per  cent.,  insoluble  in  sulphuric  acid  and  sodi 

hydrate,    mostly    gahnitc,    wen*    deducted,   and    the  following    res 

obtained  : 

Ignition  =  18.83 

SiO,  ==  28.08 

AI2O3  =  18.20 

Fe^O.,  =  4,32 

CuO  =  0.82 

PbO  =  1.80 

ZiiU  =  1.7o 

]MjrO  =  29.85 


98.64. 
Lead  and  zinc  iiro  probably  present  as  carbonates,  the  ferric  oxide 
such,  if  I  therefore  deduct  these  as  impurities,  the  following  compositi 
which  places  this  mineral  near  ripidolite,  will  probably  not  be  fSar  from 
truth. 


as 

D. 


SiO, 

sc 

31.68 

Al.O, 

=: 

20.54 

MgO 

=r 

38.68 

H,0 

= 

14.10 

100.00 
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,5^.  Another  alteration,  shown  by  many  of  the  crystals,  is  that  into  a 
ii'kicaceous,  chloritic  mineral.  It  either  forms  a  coating  parallel  with  the 
>otiihedral  planes  or  penetrates  the  crystals  irregularly  in  every  direction. 
It  has  a  white,  grayish-  or  greenish-white  color,  is  sectile  and  very  little 
c'lastic.  On  ignition  it  does  not  exfoliate,  but  turns  silver- white.  The 
I  ;:rnited  mineral  is  easily  decomposed  by  sulphuric  acid.  0.2747  grms. 
although  not  quite,  but  nearly  pure,  was  all  that  I  could  obtain  for 
sLnalysis,  from  which  0.0140  grms.  insoluble  in  sulphuric  acid  and,  sub- 
sequently, in  sodium  hydrate  was  deducted  as  impurity.  The  results 
"were : 

Calculated : 
SiO,  =      :n.l3  32.58 

Al,Os  =      13.12  13.95 

FeO  —      10.74      •  11.40 

CuO  =        0.77  

ZnO  =        0.31»  


MgO  =  29.23  29.86 
Ignition  =:  11.78  II,()  =  12.21 
^Vlkalies  ?  


97-.  18  100.00 

These  results  show  the  mineral  to  belong  to  the  chlorite  group,  closely 
agreeing  with  the  fonuula  H30  [Fefo»^MgiJJ]^  Al,  Si|,  O^^,  for  which  I 
jrivt»  calculated  percentage  above.  It  must  remain  undecided  whether 
<>i"  not  this  is  a  new  species,  until  larger  quantities  of  pure  material  can 
^><?    ol>tained  for  a  fbller  investigation. 

VL  RuUle  and  Zircon  from  the  Itacolumitc  of  Edge  Hill,  Bucks 

County,  Bt, 

^n  the  examination  of  a  series  of  ** Edge  Hill  rocks"  which,  according 
^^  Mr.  Charles  E.  Hall  (Report  CO.,  of  the  2d  Geological  Survey  of  Penn- 
''^  »^'^nia),  are  Potsdam  sandstone,  I  have  made  a  few  observations  which 
^««>tild  be  placed  on  record. 

*  lie  rocks  are  generally  thinly  laminated  quartzites  which  contain  yel- 
»**'^l8h- white  scales  of  muscovite  in  larger  or  smaller  quantity,  and  are 
^'l^'ntlcal  in  appearance  with  the  large  mass  of  the  '*4tacolumite  "  rocka  of 
^"<^  Southern  States,  which  do  not  show  any  flexibility. 

'^specially  in  Neeley's  Quarry,  but  also  in  smaller  quantity  in  many 
'^^ners,  the  rock  contains  exceedingly  minute,  yellowish,  oninge  or  brown - 
^^"-yellow  grains,  they  are  smaller  than  0.25""".  By  iM)wdering  and  levi- 
ff^tion  I  have  obtained  a  considerable  quantity  of  the  same. 

^nder  the  microscope  they  appear  as  irregular,  sharp,  angular  fragments. 
',*^^^ring  now  and  then  a  very  smooth  plane,  but  no  distinct  crystalline 
^'^.    They  have  a  honey -yellow^  color.     B.  B.  they  gave  the  reaction  of 
^»iic  oxide,  and  a  very  minute  tnice  of  tin. 
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Associated  with  the  yellow  grains  are  small  crystals  of  a  dark  bro  ^%-^^J) 
almost  black  tourmaline,  small  crystalline  plates  of  menaccanite  and  col  «r:»J~- 
less  or  slightly  yellowish  and  brownish -white  zircons,  the  latter  more     or 
less  water-worn,  but  showing  the  planes  of  the  prism  I,  the  pyramid  1  fh,  z3.eZ 
also  less  distinct,  the  planes  of  the  pyramids  ii,  and  33. 

As  it  is  an  impossibility  to  pick  out  enough  of  the  pure  yellow  grai  iis 
for  analysis,  I  made  several  unsuccessful  attempts  to  analyze  the  mixta  r-t*. 
and  obtained  bv  Pisani's  method  70.07%  of  titanic  oxide. 

I  had,  at  the  expense  of  one  week's  labor,  picked  out  a  little  oVer  f^*"*! 
milligrams  of  perfectly  pure  yellow  graijis,  which  Dr.  G.  A.  Koenig  tiad 
the  kindness  to  test  by  his  colorimetric  method,  and  pronounced  to  fyv 
almost  pure  titanic  oxide,  the  yellow  grains  are  therefore  probably  a  '^ra- 
rietv  of  rutlle. 

Id  the  rock  itself  the  yellow  grains  show  the  same  sharp  angular  folr:lll^ 
above  mentioned,  whilst  the  zircons  are  water-worn.     It  appears  ft-om 
this  that  the  rutile,  tourmaline,  mica  and  menaccanite  crystallized  or  rat  l"»<^r 
separated  when  or  after  the  itacolumite  was  deposited,  wliilst  the  zircox"»5v. 
together  with  the  quartz,  are  remnants  of  decomposed  rocks,  prolmbly  ccr^  Til- 
ing from  granulites.    In  those  of  the  South  mountains,  I  ha^  frequeis.  ^^^5 
observed  microscopic  zircons,  very  similar  in  form  to  those  in  the  E*i^g*' 
Hill  rocks.    I  may  mention  that  Prof.  Zirkel  (Jahrb.  f.  Mineralogie,  Ifc*-  "•  ^• 
))0),  has  also  detected  microscopic  zircons  in  the  granulites  of  Saxony. 

Artificial  Rutile  and  Octahedrite. 

Whilst  decomposing  some  of  the  mixed  yellow  sands,  containini?  ab^^^^^*^ 
SO  9r  of  rutile,  by  fusion  with  a  rather  small  quantity  of  potassium  hyc^-  *^* 
gen  sulphate,  I  was  interrupted  in  my  work  for  several  hours,  so  that  '^^^^ 
greater  portion  of  the  iwtassinm  hydrogen  sulphate  was  converted  i  j^k^**^' 
potassium  sulphate.  By  dissolving  in  cold  water  most  of  the  titanic  oe:::  ""^ 
W'*nt  into  solution,  but  I  noticed  a  jjale  brownish,  heavy,  sandy  substai^i-  ^'*' 
wiiich,  under  the  microscope,  appeared  in  very  brilliant  crystals  of  ''^'^^ 
usual  form  of  rutile  /and  ii,  and  pyramids  1  and  1*.  One  or  two  of  -^ ''"^ 
crystals  were  twins.  There  were,  perhaps,  several  hundred  of  ni  ^ 
crystals.  Amongst  these  I  observed  ttoo  crystals  of  (fetahedrite  which  t' 
the  acute  pyramid  1  and  a  decided  blue  cxAor. 

Exi>erinienis  which  I  subsequently  made  for  the  puqwse  of  mak 
these  artificial   rutile  crystals  from  pure  titanic   oxide  were  not  v 
successful :  although  I  have  repeatedly  obtained  microscopic  quad 
forms,  I  never  could  get  any  distinct  brilliant  crystals. 


VIL     Sphahrite  and  Prehnite,  from  ComiDall,  Lelan^n  Co.,  /^i. 

a.   Sphalerite. 

About 
(»red  bv 
crystalline  coating  ui^on  the  magnetite  of  the  great  Cornwall  Ore  Ba 


two  years  ago  small  crystals  of  a  greenish  mineral  were  discc::::^^^^^ 
Mr.  E.  E.  Craumer,  of  Lebanon,  Pa.,  associated  with  a  wh         ' 


V- 
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banon  county,  Pa.  I  am  indebted  to  him  and  also  to  Mr.  J.  Taylor 
•yd,  the  General  Superintendent  of  the  Cornwall  Ore  Bank,  for  about  a 
zen  of  these  exceedingly  rare  erystaU,  which  I  have  found  to  be  splia- 
ite.  Only  two  or  tlireo  distinct  crystals  were  obtained,  which  were 
tahcdra  in  hemitrope  twins.  Most  of  the  crystals  are  very  much  dis- 
ced or  imperfect  for  want  of  space  for  their  development. 
[n  color,  they  are  between  asparagus-green,  brownish-green  and  light 
3wn.    Spec.  grav.  =  4.038. 

The  largest  crystals  are  between  4  and  5"^°^  in  size.  They  occur  in  cavi- 
9  of  magnetite  and  are  associated  with  a  peculiar  variety  of  prehnite, 
lic'h  sometimes  envelops  the  sphalerite,  magnetite,  pyrite  and  crystal - 
ed  chlorite,  in  small  scales,  frequently  altered  into  a  mineral  resembling 
rlyite,  which  also  envelops  the  magnetite  crystals.  There  is  too  little 
the  latter  for  further  examination. 
Die  analyses  of  the  sphalerite  crystals  gave  the  following  results : 

1.  2. 

S  =  83.60  88.06 

Zn  =  66.47 

Co  =  0.34         >  66.96 

Fe  =  0.38 


99.88  100.02 

'his  occurs  in  crystalline  incrustations  upon  magnetite,  or  as  lining  the 

ties  of  the  same.    They  consist  of  minute  crystals  and  groups  of  crys- 

showing  the  planes  I,  0,  and  n,  forming  frequently  small  globular, 

omb  and  fan -shaped  aggregations,  colorless,   white,   yellowish  and 

nish- white.    Sp.  gf .  =  8.042.     The  prehnite  is  the  most  recent  forma- 

its  incrustations  covering  magnetite,  sphalerite,  pyrite,  chlorite  and 

te.    Tlie  analysis  of  a  caref\il]y  selected  specimen  gave  : 

SiO,  =  42.40 

AljO,  =  20.88 

Fe,0,  =  5.54 

CaO  =  27.02 

H,0  =  4.01 

Alkalies  and  MgO  =  traces 


99.85 


VUI,    PyrophyUiU  in  Anthracite, 

meeting  of  the  American  Philosophical  Society,  of  July  18th, 

»ntioned  the  very  interesting  occurrence  of  pyrophyllite  In  deli- 

3US  incrustations  from  the  Buck  Mountain  seam  near  Mahanoy 

ylkill  county,  Pa. 

in  api^earauce  and  association  it  has  lately  been  observed  by 
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Mr.  Oswald  J.  Heinrich,  near  Driftou,  Luzerne  county,  in  the  Tomhicl*^  «^n 
Basin,  which  lies  75  feet  above  the  Buck  Mountain  seam. 

Another  variety  of  pyrophyllite,  which  has  the  appearance  of  kaolin.  1  "T  *-. 
has  also  been  found  by  Mr.  Heinrich,  near  Drifton  and  Gowen,  in  the  B'v.x  <^k 
Mountain  seam.  He  has  favored  me  with  the  following  data,  relative  to  ir^ 
occurrence. 

It  is  found  principally  in  the  upper  bank  of  the  seam  which  has  a  thi<~>lc- 
ness  of  5  to  6  feet  and  does  not  only  occur  in  the  planes  of  stratificat  ic*]; 
and  fissures,  but  even  in  the  most  compact  anthracite.  It  has  accui  1 1 1 1  - 
lated  especially  in  layers  or  lenticular  patches  of  from  one-half  to  over  «.  »ii<- 
inch  in  thickness  in  the  slate  bank  which  divides  the  upper  from  the  lo  ^^-  <  *r 
bank,  and  which  has  a  thickness  of  from  8  to  15  inches,  sometime??^  in 
closing  a  few  inches  of  anthracite.  It  is  white  or  yellowish- white,  c*.>ii« 
pact,  cryptocrystalline,  slightly  soils  the  fingers.  Soft.  Does  not  in  "i  1  ^"^^ 
least  exfoliate  or  expand  on  strong  ignition.     Sp.  gr.  =  2.812. 

Not  decomposed  by  sulphuric  acid.  The  analysis  of  that  fnun  C  m~*  ■*^" 
Creek  Colliery,  near  Drifton,  Luzerne  county,  gave  : 

SiO^  =  65.77 

AlA  =  29-30 

Fe^Oa  =  0.12 

JI^O  *       =  4.m 


100.10 


rx.     Beryl  from  Alexander  Co.,  N.  C, 

Many  beautiful  vniieties  of  beryl  have  lately  been  found  in  Alexai 
county,  N.  C,  and  Mr.  Wm.  Earl  Hidden  especially  has  brought  tol 
many  of  the  most  interesting  specimens.  To  him  I  am  indebted 
fragment  of  a  rounded  pebble  which  has  a  slightly  leek-green  color,  t 
ing  brown  by  oxidation.  It  has  a  pretty  distinct  cleavage  in  one  di 
tion.  Its  specific  gravity  was  found  to  be  =:  2.708.  The  analysis  pro 
it  to  ])c  ]H»ryl.     It  txmtained  : 

SiO.^  =  06.28 

Al,(  >.,  =  18.00 

Bt^Oa  =  13.61 

F.'O  =  0.22 

I.^^uiti()n.  =  0.83 


99.54 
A'.  Alhiniii. 


Mr.  W.  E.  Hidden  found  in  the  **  lliddenite  "  vein,  Alexander  couip 
N.  C,  associated  with  quartz,  white  orthoclase  and  little  mica,  sni 
brownish-red,  brownish-yellow  or  light  brown  crystals,  which  have  I 
appearance  of  a  partial  dccomiK>sition  or  hydration,  and  a  resinous  lu*«t 


lu- 
re 


i 
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eir  analysis  proved  them  to  be  allanite.  Sp.  gr.  =  8.005.  As  the  quan- 
'  for  examhiation  was  very  small  the  cerium  oxides  were  not  sepa- 
ed. 

•""or  comparison  I  give  the  anal3'si8  of  a  var^ty  of  allanite  fVom  the 
2&  Mine  of  Balsam  Gap  in  Buncombe  Co.,  N.  C.,  where  it  occurs  in  jet 
ck  or  brownish-black  slender  crystals,  sometimes  from  six  to  twelve 
hes  in  length  (Minerals,  &c.  of  North  Carolina,  Raleigh,  1881).  Spec. 
kV.  =  3.400.— 

Alexander  Co.  Balsam  Gap. 

SiOj  ^  32.  a>  —  32.79 

AljO^  -=  22,  IW  —  18.16 

FCjOs  =:=  11.04  —  1.64 

tVO  =                —  10.08 

MnO  =  \.m  —  1.23 

(^e.O,         }  .....  -  6.07 


-2^3 


14.81 


(DiLa),03$  —  '^-^^  —  14.40 

Y,Os  =  0.85  —  1.84 

MgO  .—  1.28  —  0.15 

CaO  =  9.43  —  10.95 

NujO  =  0.r,4  —  0.83 

K,0  =  0.20  -  0.12 

Ignition  =  3.64  —  1.89 


98.70  99.65 

-\7.     Xirrolitt  front  Colonnfo. 

In  the  American  Journal  of  Science  [3 J  xxiii,  i380,  Mr.  3Iulvern  W. 
'S  montions  the  occurrence  of  snwiltite  near  Gothic,  Gunnison  Co.,  Colo- 
lo,  and  gives  an  analysis  of  the  same.  Ho  states  that  the  (leni  and 
»er  mines  near  8ilver  Cliflf,  Colorado,  contain  a  number  of  nickeliferouM 
nerals  and  a  small  amount  of  cobalt. 

Vl)out  two  years  a^jo  I  received  fragments  of  niccolite  from  Colorado 
ni  some  of  my  students,  and  about  a  year  ago  Mr.  Henry  A.  Vezin  sent 
a  specimen  from  Silver  Cllft,  which  was  pure  enough  for  examination. 
^  occurs  in  rounded  or  nodular  masses  disseminated  through  a  granular 
i'*^tone,  which  has  the  appearjince  of  dolomite,  but  contains  only  a  verj- 
'^11  percentage  of  magnesia.  In  dissolving  the  limestone,*  the  niccolite 
^uiins  in  small  irregular  ma.Hses,  partly  made  up  by  globular  and 
^t'yoidal  aggregations  with  a  cr}'sta11ine  black  surface,  showing  the 
•'sials  of  niccolite  to  be  cxcecnlingly  small  and  indistinct ;  I  b»"^ 
'v^  any  in  which  the  form  could  be  made  out.  It  has  i 
1  color  with  a  grayish  tint.  Sp.  gr.  =  7.314. 
A5i8ociated  with  it  in  dniscs  of  the  limestmi 
^Ups  of  an  apple-green  mineral,  which  is  pro3 
^  which  has  not  the  appeanuice  or  annabei^gi 
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Photodyiiamic  Notes,  VI.    By  Pliny  Earle  Chase,  LL,D. 

{Read  hi  fore  the  Aiiierkon  Philosophicnl  Society ,  Oett»her  0,  ISSJ.) 

•i42.     Stability  of  Harmonies. 

In  Note  220,  I  presented  several  reasons  for  l»elieving  that  the  mem. 
periods  of  planetary  rotation  are  stable.     They  are  all  dependent  upon 
more  general  principles  which  regulate  the  harmony  of 'ixsrsistent  oscilla 
tions  in  olastic^imedia,  find  consequently  furnish  strong  a  pt^ri  pre^imip- 
tions  against  all  hypotheses  which  seem,  in  any  way,  to  conflict  with  har 
monic  tendencies.      The  certainty   (Note  213),   which  Proctor  admits 
of  Earth's  having  a  pulsation  period,  with  which  its  notation  must  onv 
have  begun  to  approach  to  synchronism,  springs  from  a  like  sc»urce  with 
the  harmonic  tendencies    in    Jupiter's  satellite  system,    and  Laplao'* 
reasoning  is  e(|ually  applicable  to  both  cases.    The  ''pulsation  ixriod 
which  is  due  to  luminous  vibration  is  constant,  and  if  it  should  cvfr  N 
suddenly  or  greatly  disturbed,  rot4ition  would  immediately  begin  again  »< 
approach  to  it.**  normal  synchronism.     After  the  synchronism  is  om- 
reached,  all  the  influences  from  which  it  originated  continue  to  contrilmtt 
towards  its  i>erpetual  maintenance. 

24:].     JniprohahtUty  of  Ddaunay's  Jlypothtsi^. 

Xewcoinb  and  Ilolden  (Astrono/ny,  p.  148)  close  their  note  on  tin**' 
lar  acceleration  of  the  Moon,  as  follows;  : — "The  present  tluM)ry<»t':i<*'  '• 
lion  is,   therefore,  that  the  Moon   i-.  really  aeeeh^rated  about  six -<" 
ill  a  crntury,  and  that   the  motion  (»f  the  Earth  on  its  axis  i^  i:n«'iii'  • 
diniinishini!:  at  >tich  a  rate  a<  to  ])ro(lnee  an  aiii)an*nt  additional  ;ni':' ■■" 
tion  \vhi<'h  may  ranix«'  from  two  to  six  sj'coiuls."     The  former  ]"'i!!": 
known  to  he  evclieal.   to  l»c  followed,   after  a  lonjr  interval,  hv  :i  •■•-' 
spondintz  n-tardation  ;  there  i<  not  a  particle  of  evitlenei*  to  di-^i n-lM  ■'" 
;>rohaHility  that  the  latter  i>ortion  is  also  cyclical.     Neither  is  tlnr«' a  I'lf 
'le  of  evidence  that  there  is  any  tiilal  friction  except  at  the  shov- «'J'l- 
ocran.  where  any  a<-cehTatini^  tendencies  at  one  period  are  <iiuiil'r!'i 
:inced  1)V  retanlinir  tendencies  at  another.    The  frictional  hvpothr •>]>  wt^  ■ 
L'ratuitoM^  asvniiiptioii.  to  explain  a  doubtful   phenomenon,  ami  ;illli"'--- 
the  (^xplanaIi^)n  would  he  satisfactory  if  the  trictional  retardatifii  coii''-  "^ 
proven,   the  assumption  violates  the  ordinary   rules  of  framim:  -« i«'n"-' 
hypotheses  so  completely,  that  its  chief  claim  for  considention  ri'-t?  up'-- 
the    reputation    of   its   oriinnator.      On    the    other    hand,    the   harrii"- 
livpothesis  makes  no  a<<umj)tion  :  startinsi  trom  acknowled<re<l  taefs  ;■.''• 
prin(!iples.  it  a<-;ks  wiiat  n-sults  may  he  reasonably  anticipate*!.  :in«l  '^'^ 
are  few,  if  any.  n»o<lern  resoarche<.  in  \\  hich  the  anti<*ipatioMs  li:iv<  ■• 
?><»  abundantly  veritied.      Kven  if  wr  -jrant   frietional   nrlardation.  \h'.'''  '■■ 
"  no  way  of  det«.Tmininii'  the  amount  of  this  retardation  unless  ^v^•  u*^'''"' 
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ises  th<-  o])scrved    discrepancy  between  the  theoretical   und 
^(^elerations  of  the  Moon  "  ((pp.  cit.  p.  147). 

244.     Scientific  Skepticism. 

n  in  the  acceptance  of  alleged  results,  in  any  new  line  of  scicn- 
•h,  is  an  obvious  duty  on  the  part  of  those  who  are  fitted  and 
•  b(^  on  the  watch  against  the  promulgation  of  hasty  general - 
ich  would  needlessly  cumber  the  field  of  knowledge.  There  is 
>wpver,  that  even  faithful  watchmen  may  sometimes  hinder 
rogrcss  by  failing  to  keep  their  skepticism  within  proper  bounds, 
harmony,  and  esi)ecially  of  codrdinated  harmony,  transcends 
latical  tests  of  probability.  It  would  be  a  tedious,  but  not  a 
k,  to  find  in  how^  many  ways  the  letters  of  the  Iliad  could  be 
ind  it  is  often  wrongly  assumeil*  that  in  a  purely  accidental 
It  of  the  letters,  the  faultless  one  would  be  as  likely  to  take 
y  other.  It  would  be  no  more  absurd  to  inquire  whether  the 
I  orchestra  might  not  be  accidental,  than  to  make  a  like  inquiry 
ythni  of  atoms  and  waves  and  spheres.  When  mathematical 
m  the  probability  that  special  forms  of  harmony  are  due  to 
S  as  in  phyllotartic,  thermodynamic  and  fundamental  atomici- 
•e  useful  ;  but  when  they  fail  to  give  any  reason  for  obvious  ac- 
as  in  Schu>ttT's  first  examination  of  spectral  lines  (Note  141), 
erly  worthless  unless  they  awaken  further  inquiries  which  lead 
Dry  results,  ;is  in  Schuster's  final  conclusions. 

Cent  re  of  Daicning  Candensntion  in  the  Terrestn'al  Delf. 

nsic  probability  that  the  major  axis  of  the  .M<K»n's  orbit  is  in- 
irreatly  enhanced  by  the  following  proi)ortion  : 

ing  the  several  known  values,  we  have  :  r,  =  Earth's  equa- 
-diameter  =  3902.8  miles:  ^3=  Laplace's  terrestrial  limit  = 

r, ;  If.  -=  Moon's  semi-axis  major  =  60.2778  r,;  L^  =  limit  of 

It -condensation  -—  R^  l^  -:-  r^  =  l,r)78,317  miles.  The  oscillatory 
n's  ma.ss  (Note  211,  etc.,)  gives,  for  the  ratio  of  Earth's  subsi- 
i  the  centre  of  the  belt  of  greatest  condensation,  Z,  -5-  ^5  = 
-  92,785,700=  .0170093,  and  for  the  dawning  central  locus  of 
greatest  condensation,  1.017000JJ  f,^.  The  arithmetical  mean 
ockwell's  estimate^  of  Mercury's  secular  perihelion  and  the 
lelion  of  Mars  is  (.2974008  +  1.736478)  -h  2  =  1.0J<»^' 
ice  between  the  two  estimates  is  less  than  ^^of 

252. 
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246.  Pendulum  Eitinntte  of  MoorC%  Mass, 

In  Note  8,  I  Anticii>atcd  Blight  modifications  of  my  first  estimate      of 
Moon's  mass,  as  likely  to  be  required  by  subsequent  investigations.         If 
we  apply  the  principles  which  are  involved  in  the  coefficient  of  solar  tor. 
sion,  Note  162,  to  the  determination  of  the  length  of  Earth's  theoretioai 
pendulum,  we  find 

/  t  Y       32.088 
l  =  g{^^)   =-52-jp  x(43082.05)« -4- ;r'  =  1.142,882  mUes. 

From  this  equation  we  deduce  the  relative  value  of  Moon's  mass,  /^,  by 
the  proportion, 

pull  :  :m^  :  fx 

92,785,700  : 1,142,882  :  :  81.1857  : 1 

This  estimate  differs  from  the  one  in  Note  8  by  less  than  ^  of  one  percent. 

247.  Rotation  Bstimate  of  Moon'i  Mass. 

The  conviction,  which  I  have  often  expressed  (Note  220,  etc),   that 
rotation  is  only  modified  revolution,  is  further  strengthened  by  the  follow- 
ing considerations.    The  orbital  velocity  (oj  which  the  combined  ener^^ 
of  Earth  and  Moon  tend  to  give  to  an  equatorial  particle  which  is  neft^^^ 
to  the  Moon,  is  about  2.18  times  as  great  as  the  velocity  (o^)  which  tlicy 
tend  to  give  to  the  mean  centre  of  gravity  of  Earth's  oscfllating  parti^^^^ 
The  preponderating  attraction  of  Earth  prevents  the  action  of  these  'ten- 
dencies, in  any  other  way  than  as  accelerating  disturbances  on  the  sev^^^' 
particles  whose  retarded  and  constrained  revolution  leads  to  axial  x"^^^**" 
tion.    The  greater  acceleration,  acting  for  a  half-monthly  oscillation    Cf»^' 
gives  the  mean  orbital  velocity  of  the  system  (tJ^),  while  the  smaller  ac^^^ 
eratioD,  acting  for  a  half-daily  oscillation,  gives  Eartli's  equatorial  velo*^^^- 
of  rotation  (p^),  as  is  sliown  by  the  proportion 

v^:v,::vj^:  v^  t^        . 

18.4735  :  .288183  :  :  14.7652942  p.  :  i  tJ^ 
t?.  =  2.1798  r^. 

If  we  (lesijrnatc  the  distances  of  the  respective  particles  from  the  ce  x^*'^ 
»)f  gnivity  of  the  system  by  d^  and  d^,  we  have  d^  v^  =  d^  t* ;  iT ^  ^^ 
4.7514  d^.    The  theoretical  mean  inten>ections  of  d^  with  Earth's    5==^'^* 
face  should  be  on  the  equator,  and  those  of  d^  should  be  on  meridi^:*  °^' 
but  want  of  exact  homogeneity,  as  well  as  orbhal  inclinations,  mavl>e  j>^*' 
sumed  slightly  to  modify  tlieir  respective  loci.     The  mean  centre  of  gra  '*''^- 
of  Ejirth's  osclllatorv  i)artich'.s  is  at  the  distance  r  from  the  surface,    ^"" 
they  an?  all  also  airccted  by  wave-lengths  equivalent  to  d^,  so  that  we  li  i**'|; 
d^  =  d^  +  7-  =  4.7514  d^.     Hence  r  =  3,7514  d^ ;  d^  =.26657  r  =  IWr^-*^ 
miles  ;  d^  =  5010.15  ni.;  /•  —  d^  =  2006.45  m.;  ?>*,  -f  ^t  =  (238,8iV:»    " 
t.Ml00.45);x  =  82.l858/i;  m,  =  81.1858  «,  a  viiUie  which  corresponds    ^-^' 
actly  with  the  one  in  tlic  foregoing  note. 
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248.  Harmonies  of  Central  Candeniation, 

le  superficial  intersections  of  d^,  in  the  foregoing  note,  describe  circles 
t  the  poles,  which  have  diametrical  arcs  of  50  10'  40",  which  differs 
ily  2'  from  the  inclination  of  the  Moon's  orbit.  If  we  take  1x2x3x5, 
troduct  of  the  first  four  phyllotactic  numbers,  as  a  divisor  of  Earth's 
eter,  calling  the  quotient  a,  we  have  the  following  approximate 
rdances : 

Harmonic.  Observed, 

4  a  =  1056. 748  miles.  d^  =  1056. 35  miles. 

11  a  =  2906.057      "  r— d.  =  2906.45      " 

15  rt  =  3962.805      "  r  =  3962.8 

19  a  =  5019.553      "  (f^=  5019.15      " 

7  tt  =  1849.309      "  r— 2d.  =  1850.10      " 

e  coefficients  of  nodal  division  in  the  radius  which  is  nearest  the  Moon, 
I),  are  the  second  and  fourth  of  the  secondary  phyllotactic  numbers, 
coefficients  in  the  remote  radius,  (8,  7),  are  the  third  phyllotactic 
3ers  in  the  primary  and  secondary  series,  or  the  artiad  and  perisstid 
ors  (Notes  201-2,),  It  may  be  interesting  to  inquire  whether  the 
lency  and  locality  of  earthquakes  are  afifected  by  these  nodal  influences. 

249.  Pendulum  Estimate  of  Earth's  Ohlateness. 

e  ratio  of  Earth's  equatorial  semi -diameter  to  its  theoretical  equatorial 
ulum,  or  the  corresponding  ratio  of  r^'  to  «/,  (square  of  limiting 
al  velocity  to  square  of  equatorial  rotation -velocity),  represents  a  cen- 
^1  force  which  would  tend  to  produce  ohlateness  in  a  liquid  globe,  to 
tain  ohlateness  in  a  solidified  globe,  or  to  exert  a  constant  pressure  for 
ring  ohlateness,  should  it  be  temporarily  disturbed  in  any  way. 
1  the  estimate  of  the  theoretical  pendulum  in  Note  246  we  get 

3062.8  :  1.142,882  :  :  1  :  288.40 

'Is*  estimate  was  298.1528;  Clarke's  two  estimates  291.36,  293.76  ; 
ig's  (1878,  cited  by  Newcomb  and  Holden,  p.  202),  288.5.  This  ac- 
nee  furnishes  additional  reasons  tor  believing  that  Earth's  rotation 
loon's  mean  distance  are  as  invariable  as  planetary  major  axes. 

250.   OscUUttory  Relations  of  Venus. 

i  masses  of  Venus  and  Earth  are  more  nearly  alike  than  those  of 
er  tind  Saturn.  This  is  perhaps  owing  to  their  comparatively  central 
ou  in  the  belt  of  greatest  condensation.  The  reasonable  expectation 
heir  mutual  actions  an<l  reactions  should  be  rhythmical  is  strength- 
by  many  harmonic  relations,  among  which  are  the  following  : 

If  we  divide  Venus's  mean  locus  ot  subsidence  (mean  ai>lielion)  by 
rfMhu-t  of  the  fir^t  four  phyllotactic  numbers,  1  X  2  X  -5  X  •>  =  30, 
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and  call  the  quotient  o,  we  obtain  an  approximate  harmonic  divisox*       for 
six  cardinal  nodes  : 

Harmonic.  Observed. 

27  a  .6740  Venus,  s.  p.     .6722 

28  o  .699(1  "      m.  p.    .6978 

29  a  .72;]9  '*  m.  .723« 
30 /«  .7489  •'  m.a.  .7489 
31  a  .7739  *'  s.  a.  .7744 
40^7  .9985  Earth,    m.    1.0000 

2.  Venus's  incipient  locus  of  subsidence  (secular  aphelion)  i«^  nea.r  *'>^ 
second  centre  of  linear  oscillation  of  the  incipient  locas  of  subsidcm.  c?*^'  ••* 
Mars. 

(J  of  §  =  })  of  1.7365  =  .7718. 

Harmonic.  Obscivert. 

.7718  .7744 

3.  The  photodynamic  origin  of  Venus's  orbital  period  (224.701  dav'  s>  i* 
indicated  by  the  proportion, 

The  length  Q^)  of  a  theoretical  pendulum  at  Sun's  equator,  which  tc'^^ 
oscillate  once  while  a  wave  of  light  traverses  the  solar  modulus  of  lights     i  "="  x 
=.  224.261  f)j^ ;  t^  and  t^  are  respectively  Earth's  day  and  Venus's  yea  *"- 

4.  Moon's  semi-axis  major  is  a  mean  proportional  between  Earth's  rr=-*^  *^'* 
diameter  (/'s)  and  Venus's  nearest  approach  to  Earth.  Venus's  se^^  ^i* 
aphelion  =  .7744234  ^, ;  Earth's  secular  perilielion  =  .9322648  ^,;  «1  ^'^^^* 

ence.  .1578414  ^>.,  =  3695.725  ^3  ;  ,73695.725  =  60.792. 

5.  Earth's  oscillatory  influence  on  Venus's  mean  subsidence  is  indicr  ^* 
by  the  proportion 

3902.8  :  1,142,882  :  :  60.2778  :  17384.276 

Stockwrll's  estimate  for  Venus's  mean  locus  of  subsidence  is  .748878        X"^ 
17534.36  r,. 

-^^        w  til 

6.  All  the  orbital  loci  of  Venus  are  midway  between  Sun  and  or  "^  ' 

loci  of  Mars. 

>i^ 

near  Earth's  linear  centre  of  oscillation  (§  of  ^j.) 

8.  Venus's  mass  indicates  Earth's  harmonic  influence  at  her  inciin 
locus  of  subsidence  (^o,). 

W3  :  V//2  :  :  p^  :  p^ 
428,417  :  331,776  :  :  1  :  .7744234 


i£?nt 


Hill's  estimate  for  m^  -r-  m^  is  427,240.  which  differs  from  the  harm- 
estimate  by  less  than  ^^  of  one  per  cent. 


.n'<* 
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251.   Osnllatory  liclaUons  of  Mercury. 

he  cardinal  loci  of  Mercury  show  the  following  among  other  harmonic 
lions  : 

Th<*  locus  of  Mercury's  semi-axis  major  (.3H71)  is  the  rupturing  locus 
Venus's  locus  of  incipient  subsidence  :  (J  of  .7744  =  .8872). 

Mercury's  incipient  rupturing  locus  (.3974)  indicates  phyllotactic  in- 
ncc  at  Venus's  locus  of  incipient  subsidence  (.7744) 

.3977  :.7741  1:5:  i:5. 
Mercury's  incipient  rupturing  locus  (.2974)  is  also  near  the  extremity 
he  linear  ])eudulum,  which  has  Mars' s  incipient  subsidence  locus 
'M\5)  for  its  point  of  suspension,  and  Venus's  incipient  subsidence  locus 
'44)  lor  iis  centre  of  oscillation  : 

(3  X  "744  —  1.7;m5)  -4-  2  =  .29:14. 
If  we  divide  Earth's  semi-axis  major  by  thr»  phyllotactic  product  2x3 
X  1^,  we  find  approximate  indications  of  Earth's  harmonic  influence 
Icrcurv's  cardinal  loci. 

70//    .298  Mercury,  s.  p.      .297 

m.p.    .319 

m.        .:387 

"        m.  i\.    .4.j5 

s.  a.      .477 

Earth  1.000 

Impi'ohohlUty  of  AcciiUnt*tl  Unrmonies. 

hnster's  harmonic  investigation  (Note  141)  appears  to  have  been 
inded  c^n  the  hypothesis,  which  others  have  also  entertained,  that  har- 
ies  such  as  arc  found  in  spectral  lines  and  i)lanetary  positions  may  be 
'Icntal.  In  note  244,  T  spoko  of  such  an  hypothesis  as  "wrongly  as- 
••d,"  and  T  believe  that  it  is  only  calculated  to  hinder  scientific  pro- 
^s.  Profe-^sor  Peircc,  in  tlie  llowland  will  case,  showed  that  the  rela- 
of  each  in«lividual  i>osilion  to  all  the  possible  positions  which  it  might 
'Uio,  rt>i  wt'll  as  the  relative  positions  of  the  lines  among  themselves, 
iM  1m;  considered  in  calrulations  of  mathematical  probability.  In  the 
1  pri»l»lcni,  the  bare  inipro])abilily  of  the  accidental  arningement  of  the 
-Ts  ill  their  orderly  se([ueiice  is  //»»,  «/  representing  the  number  of 
'r>  in  the  ali^hal.x't  aii<l  n  the  number  of  letters  in  the  jK)em.  Let  p  be 
»Miniber  of  readily  distinguishable  i)osiiions  which  each  letter  can  as- 
C-,  and  tile  adverse  pnrbal)ility  against  the  accidental  occurrence  of  the 
'i\  positions  would  be  ("jt)^.  The  im]>rol»abilily  would  be  likewise 
•used  by  c«)nsiderations  of  the  spaces  between  the  letters,  the  word 
<'s,  the  orderly  arran.L^ement  of  lines  and  pages,  the  probable  freqm^ncy 
Tors,  and  countless  other  ]»:irtfculars  which  are  indicative  of  jdan  and 
*ose.  Finally,  the  adeipiate  cxplanaticm  which  is  furnished  by  the 
>le  hypothesis  of  human  contrivance,  wholly  removes  the  question 
i  the  n^alm  of  chance,  and  mak<'S  the  improbabilhy  infinite. 
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'i^ul.     Prohtihilitf/  nf  Afitirtjuffed  TieAuJls. 

It  is  iidt.  likc'lv  lliui  nnv  on<'  would  ijvjt  tliiiik  ot  atlrilmiiiiu:  ilio  aniz:l  *-'3 
of  crv>t:ils  to  !U'(;"ulrnl,  nliliouirli  il  would  nol  be  st)  uiircasoiuible  to  <l«»     Jso 
as  it   woulil  ho  to  iu'j.'ouiil  tV)r  muih  <lnsfr  harmonics  in  that.  way.     T'Jie 
laAVs  of  (  rv>i:illi/.:itii>ii  arc  ol)«sciirc  and  almost   whi»llv  unknown,  and     ^''"^t 
wc  arc  not  slow  in   hclii-vini:;  that   then;  an;  surji  laws,  in  spite  of      t^if 
irrcirnlaritics  whi<h  wjtc  pointed  out  in  Noic  2'V2.     The  hiws  of  clastic*  ity, 
which   load  to  nod:il  action,  arc  a^  well  understood  as  aiiv  ot  the  futa  ^la- 
mental  iru'h-  l^^phv.•^ical  science,  vet  there  arc  manv  who  fail  to  reooii«:i  iz- 
them,  and  \\  Im  >rcui  u>  think  that  no  cxidamilion  is  needed   of  the  Imnr- 
monies  wld'h  ihrusi  ihemsclve**  U])on  us  nn  every  hand.     I  ain  n(»t  a^v'-^^c 
thai  any  :ii!<'inpl  ha>  ''ver  he<'n  made,  hy  any  om.'  who  helievc'?  in  ih<*i  »t>-?- 
slbiliiv  lliai  eoniiccic<l  harmoni«s  mav  he  mere]  v  accidental,  to  c<)niirni      1^^' 
belief  1)\-  iVaminic  a  -cries  tif  >uch  harmonics.     In  ordinary  invcsn;jati«  .-*  i**- 
the  diseoverv  of  a  >inu,le  tact,  lhrnU'j:h  anticipatit>ns  which  arc  'iroun«-^<-^*-^ 
upon  tiieorcl leal  a-.-.umpi Ions,  is  haih-il  as  a  wondi*rful   scientilitr  achicr  "^'«-'" 
ment.     In  ilu*snulv«)t  rhythmic  (da^ticity  such  successful  anticipati  <  ,»iis 
may  he  cn<ll<'->ly  mulliplied   hclore  their  importance   becomes   ^eneri*^^-^ 
under-iood.     And  yi'i  eaih  one  of  tho-c  veritied  anticipations  leiuls  a  c*«-^  ^^' 
lirniati«»n  io  ilic  pht»t«>d\  namic  hyi)otlu"iis  which  is  litth'.  if  any.  shor  C-     *^^ 
absolutt-  certainly,  and  which  cannot  hr  measured  by  any  ordinary  test      *  " 
mathi'MiMlical  i»r(»l)ability. 
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We  ha\<'    now  :rMiliere«l,  bv  strictly  Daconlan    methods,  all  the   fn- 
whieh  ar«-   in«did   Inr   framinir  anil   sol  \  in  i:;  tint  follow  in  i;  problem  : 
tind  "-iniplc  ^!ilJMr.  pl.ui'-iary  ami  salellitt!  ndations  of  mas-^;,  piwition  :». 
:.t'lh<  re:ii  d«'n-.iiv.  th.-ii  will  suti-fv  ten<lencic>  to  the  formation  of  three  t 
mary  linrnb'nit  ikmIc-:.  in  nu  elu-iic  medium  whiidi  propairatos  undulatif  - 
wiih  Hie  \  I  Im-ily  til"  liuhi. 

1.   Nn.hij  i(  Ild^•nci^•-^  pre-uppo'-e  souK^  deviaiions  from  abf*«dutc  lioi"» 
Lcencitw  wliiih  j»'nl  id  dillenMic<-<  ot"  directl«)n  and  velocity  in  the  <uhi=— 
inn  p.ii'ii'li .-.  thu^ 'jivinir  ri««e  to  <»>cillatlons  which  continually  incliin* 
tak«'  -iMii"'  f'lini  ct' -\  n<hr<mi"«m.     A-  lonir  as  there  i>  any  liberty  of  mot: 
anvui.:  I ii<' particle-.  iliii««i-  whieh  are  at  the  bnun«lary  line,   between 
<'()ii««t iMiiiiii'/  ill' Ilia  (•!  eriiira!  >iellar  nucleation  and  a'thereaHmjnil-e,  w 
oxill.i'f   Willi   I  lie  .:reaii'-.t  rapiiliiy.  ii-ndiu«^  to  a-sume  j)aths  which  w 
alteiii;ili]y    ^«•l'i\^    ,|||,1   (■\h:iU'-t    the    prnjcr-tilc    i-nerpes    4)t    the  ,'rtluTi 
mediiiiii.     Til"---  •  iiei'/ii-  ciiun)!    Ill"  «'ninple',cly  (\\hau«^te<l  until  eiioii 

time  ll:i-  ''lil.-i'il  t iiiiiiUliieale  iIk*  \  elcicify  of  llilhl  Ki\),  tO  an    a-tluT* 

jvirii'I'-  whi'li  i-  i!  n-i  at  the  bciiinjiini:  «>f  the  o-eiilation.  The  cenli 
inertia  iiiaUe-  lie-  <  •-(  iJlaMi'M-^  lircular,  chauLiinir  free  elliptic  nvoliiti-' 
inii»  ci»!i-t  laiiie.l  axial  lotiiioji.  each  o>cillalion  of  half-rotalion  «)Ccupyh 
a  tiiic-  '-')  wliicii  -i\i>  .,■/     -.  .- ^\  [if--—  modulus  of  liiiht  -~  M;  M  --  -^ 


SS2.]  "lis  [Chuse. 

engtli  of  ji  tlKJorciical  peudiilum,  at  the  stollar  eciuatorisil  surfjice,  which 

viuild  swing  syiH'hronously  with  tho  rotary  oscillations  ■,(/=:—  =  -5. 

rii*.'  valiif  of  {/  clctcnninos  tho  mean  (»rlutal  velocity,  ygf\^,  for  any  scmi- 
Ais  niiijor.  r^. 

2.  Tlir  Jictiuns  gnd  reactions,  boiworn  tho  stellar  (MMitro  and  the  primary 
'cntrc  of  planetary  c()n(leiisaii«)n  (Note  li:>).  involve  t<M»(leneies  towards 
he  liiif?ar  eenlrr  of  ijravily  (J).  iIk^  centre  of  linear  oscillation  (\),  thecen- 
rc  of  conirral  oscillation,  (j),  and  centripetal  acceleration«>  which  vary  as 
he  fourth  power  of  the  velocity  of  circular  orhilMl  revolution.  Tliese.  tou- 
leiicirs  may  all  he  saii>lied  hy  a  stellar  mas-;  ^\hich  is  Ci  x  •>  X  -i)*  =  •••^1- 
Tf>  limes  the  nuiss  of  ])rininry  condensation. 

'i.  The  orbital  control  of  the  stellar  ct?utre  is  exerci'^<Ml  on  the.  jdnnctand 
iitellite  alike,  at  the  menu  distanc*'  n-.  If  the  planet  transfers  to  llie  salel- 
ite  a  proj«'ctil(>  ri>(  rh-",  (/;.  corre-^ponding  to  its  hujierfieial  eneriry  of  rota- 
ion  (Xotr-  '210).  the  relative  mas>es  of  the  planet  and  satellite,  which  satisfy 
!ieir  joint  o«eillatt)ry  relations  and  Sun'>  projectile  (Mierjry.  may  be  reprc- 
r'lited  by  the  i)roportion  : 

So.i.   Suhordiuf'.tt  IV/KfcNCus. 

Thore  are  other  harmonic  tendencies  which  seem  likelv  to  have  been  less 
eriuanent  and  more  open  to  modiliealion.  The  following:  in.stances  ol 
rimitive  tendencv  mav  be  «riven  as  intereslinir : 

4.  Tlie  radii  of  italic  e<pilibrium  are  inver.scrly  as  the  masses  ;  ru])tnrinir 
A  v/rff  U  acipiired  by  subsidr-nce  throu^ih  \  radius  ;  if  the  rupturing  locus 
siiupb*  subsid(?nce  becomes  a  centre  of  linear  oscillation  for  satellite 
ini-axis  major,  ^  ,  we  have 


r> 


.*»,    The  relations  of  a'thereal  densilvare  found  bv  the  metbod  of  Note 

0. 

y^ntei^  102,  23,  and  210  Lnvr  the  ftdlowincr  mas-  values  which  prtcUthf 

tisfy  the  first  three  r>f  tbese  requirements,  viz  :  /»<,  =  331,770  tn,, ;  /w.,  -■==. 

ISO/*.     The  fourth  re<iuirement  |»oints  to  the  value,    m^  =  S0.372  •». 

il.=;  ^liszht  discrepancy  may,  ])(!rhai)s,  be  partly  owing  to  the  fact  that 
.rth's  oscillation  is  mainly  rotational  while  Moon's  is  nearly  that  of  a 
cuhii*  pendulum. 

250.   OtJier  A[q~>ro.r'nnttfoui<  to  .Ifjfm's  MitAi*. 

/.    Tlio  f«>rmula,   mt^  oc  ti^,   irive*^  the  following"  apj)roximations  to  the 
Uio  of  n  :  a  year  -:-  1  luiiar  nm.^^  __  i7.s.72t  ;  (,,,  ■ :-  ,,^'f  --  r)S.00!»,OO() ; 
^  -j-  w.i)  =  327,930  (//>3  +  n)  —  331,777  m.. ;  ///..  =  S0.211  /,. 
;,    A  close  harmonic  ai>pro.\inKiti(»n  i^  L'iven  by  the  propnriion  : 
77?,  :  a  :  :  0  /..  :  ^     :  :  2101. ."14  dv  :  27.32100  dv  :  :  sn.21  f  :  I. 
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c.  Th(?  coefTlcient  of  t^,  in  I  ho  above  approximation,  is  the  phy  Hot  *».ct  fc 
product,   1   X  2  X    •^.     It  is  also  very  iKjarly  equivalent  to  the  s<i"t:iare 
root  of  tlie  quotient  of  Liiphice'fi  solar  limit  by  Sun's  semi-diameter,  ^■-  liich 
would  give,  v/i,  =  80.019  n. 

d.  The  mass  of  Mars  is  very  nearly  a  mean  proportional  belweexzmthc 
masses  of  Earth  and  Moon  ;  (3,00:J,500  -:-  331,776)«  =  86.938. 

e.  An  approximation  similar  to  h  is  given  by  the  proportion  : 

n]onth  :  day  :  :  m^  :  3  /£  :  :  81.965  :  3. 

/.  Moon's  locus  of  subsidence,  or  aphelion  («),  and  the  mass  of  \'^  ^^^^ 
(fw,),  furnish  the  following  approximation  : 

rtij  :  fi  :  :  8  :  r^  :  :  63.503  :  1. 

Substituting  the  observed  basis  of  the  second  approximation  to  tn^  in    Z3ole 
250,  this  gives,  ///.,  =82.110  ,a. 

Man  J"  other  api)roxi  mat  ions  might  doubtless  be  found  which  w^  '^^^^ 
represent  obvious  harmonic  tendencies  within  the  belt  of  greatest  cozb-  ^^^" 
nation. 

257,     Simplicity  and  Conciseness  of  Harmonic  Calculus. 

The  range  of  estimates  in  the  foregoing  note  is  about  8J  per  cent.,      ^^^ 
the  mean  of  all  the  estimates  is  about  2  per  cent,  greater  than  the  »  x^*^^ 
recent  astronomical  estimates.     These  deviations  are  four  times  as  gret*'^  ""^^ 
in  my  extreme  estimates  of  solar  distance,  and  twelve  times  as  grei3.  "^  ^" 
in  the  estimates  which  have  been  based  upon  the  latest  determinatiorx  ^ 
the  harmonic  elements.     If  these  approximations  are  compared  with  tl>  *^\ 
whicli  had  been  made  by  astronomers,  a  hundred  vears  after  Newton   ^  *  * 
published  the  laws  of  gravitation,  the  indications  of  superiority  in  the  l^  "^ 
monic  methods  l>eeome  verv  striking.     The  difllcultv  of  lindinc  the  f--*-  *      , 
monie  intlucnces  which  are  most  important,  is  inc(mipanibly  less  than  X'  -^        c 


of  determining  the  eorrcsi>onding  gravitating  influences,  andlhe  savin,^ ^ 

labor  is  obvious  to  every  one  w4io  has  ever  solved  astronomical  problr^    ^'^ 
l>v  the  ordinarv  processes  of  mathematical  analvsis.     Doubts  as  to     '^^' 
degree  of  (('rtainty  which  attaches  to  purely  harmonic  results  will  nat^      ^__   , 
ally  ariMj,    in  the?  niind'^   of  those   who  have   never  carefully   inquL     ^^m\ 
into  the  nre(?ssitv  t)f  «*lastic  rhvthm,  but  I  believe  that  such  doubts  "w   ^ 
irraduallv  vieM  to  the  U\<  aecumulatini:  evidences  of  its  universal  sw    -^       ' 
Astronomi<'al,  ehemical  and  meelianical  science  m'hy  all  be  challengec 
produce  a  <eri(?<  <»f  j'onnected  fundamental  determinations  that  are  c 
parable,  in  i)n'eision  an<l  in  intrinsic  mathematical  probability,  with  Ih 
which  are  nnboilinl  in  Note  HJS  and  in  the  three  solutions  of  Note  '^54. 

25S.  XccdlciiS  Ohscurity. 

In  Sir  .Tohn  Leslie's  Dissertation  on  the  Progress  of  Mathematical 
Physical  Science  {Kncyc,  Brit.,  8th,  Ed.,  i,  732),  after  referring  to 
"ma/.e  of  intrieate  and  abstruse  formuhe'*  in  which  Laplace  had  invol 
the  i)henomena  of  capillary  attraction,   the  following  reflections  of 


-3U 
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Thomas  Young  are  quoted  : — "It  must  be  confessed  that,  in  this  country, 
the  cultivation  of  the  higher  branches  of  the  Mathematics,  and  the  inven- 
tion of  new  metliods  of  calculation,  cannot  be  too  much  recommended  to 
tlie  generality  of  those  who  apply  themselves  to  Naturol  Philosophy  ;  but 
it  is  equally  true,  on  the  other  hand,  that  the  first  mathematicians  on  the 
Continent  have  exerted  great  ingenuity  in  involving  the  plainest  truths  ot 
mechanics  in  the  intricacies  of  Algebraical  formulas,  and  in  some  instances 
have  even  lost  sight  of  the  real  state  of  an  investigation,  by  attending 
only  to  the  syml>ols,  which  they  have  employed  for  expressing  its  steps." 
After  this  quotation  Leslie  i)r(H'eeds  as  follows  : — **  Lai)lace*8  intricate 
formula  has  been  since  unraveled  bv  the  acute  discrimination  of  Mr. 
Ivofy,  who  disjoined  it  into  two  separate  portions  ;  the  one  depending  on 
the  adhesion  of  the  waterv  film  to  the  inside  of  the  tube,  and  the  other 
resulting  from  half  the  <H>hesion  of  the  particles  of  the  liquid  to  each  other. 
But  our  ingenious  countryman  deduced  these  elements  of  the  complete 
force  fnnn  the  simi>l(*st  physical  principles,  availing  himself  of  the  pnjperty 
of  ecpiable  diffusion  of  pressure  through  the  mass  of  a  fluid.  The  same 
investigation  gave  the  measure  and  limits  of  depression  observed  in  mer- 
cury and  some  other  liquids." 

250.   Cvoperaficc  Methods. 

m 

Since  tliu  invention  of  Hamilton's  quaternions  and  Peirce's  linear  asso- 
ciative algebras,  tlie  temptation  for  mathematicians  to  involve  "the  i)lain- 
e*it  truths  of  mechanics  lit  the  intricacies  of  algebniieal  formulas"  has 
greatly  increa'sed.  Tlie  higher  the  algebra,  tlie  smaller  is  the  number 
who  are  able  to  understand  it.  Wliile  it  may  be  no  part  of  an  investiga- 
tor's duly  to  "  poiHilarize"  seienee.  no  result  can  be  rightly  regarded  as 
belonging  to  the  dominion  of  science  until  it  has  been  <io  far  po])ularized 
as  to  be  brought  within  the  gnisp  of  the  majority  of  seientiflc  men  who 
lire  willing  to  follow  the  several  ste])sof  the  original  investig:ition.  Labor 
whirli  is  expended  on  intrieate  solutions  of  i>roblems  which  can  be  simply 
ledtued  from  ''the  property  of  e(iuable  ditbision  of  i)re>snre  tlirough  the 
:nasrt  of  a  fluid,"  or  fnmi  otlier  i)roperties  of  elastic*  niedin,  is  either  labor 
ivbolly  wasted,  or.  at  best,  an  exercise  of  ingenuity  whi<'h  s<*rves  as  ft 
lariiilcss  recreation.  On  tlie  other  han«l,  the  use  ol  well-known  physical 
■elalion*i  a«*  clews  for  tin*  diseovrry  of  eounliir-ite  relations,  alternating 
j^ith  anjilvtiral  solutions  nf  problems  wliieli  are  suggested  by  such  dis- 
•fiverie-*.  combines  tli<-  a«lvant:iLrj.'s  of  theory  and  observatiim  in  ways 
vhicli  are  nio-t  lieli>fu]  to^cjentifle  progress.  Wlienever  any  ;:iven  result 
ivAV  be  n.'ached  bv  two  or  nion-  diflep-n!  metliods,  the  sh(M-l«.'st  and  sim- 
di'st  is  always  most  comuien^lable. 

200.    L'/ntfi'  }ftt{jnttic  Pohirizntiou. 

TIk'  relations  between  magnetic  fluctuali<»ns  and  gravitating  tendencies  to 
lO  n-Monition  of  equilibrium  in  disturi)ed  atmospheric  orjethereal  currents 
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(Xott'S  1 1()-122),  aro,  :is  iniiibt  reas«nial»ly  liavr  been  foros(;on.  greatly  111  odi- 
fled  I)}-  Sul^^^  ihornial  at.tivily.     The  moon,  actin«:  on  the  cnrrents  wliicli 
originate  in  Snn'>i  tlicrnial  (lihturlmiico.  sln)\vs  accordances  Ixith  in  time  and 
magnitude  (Xt)tel21),  which  point  strongly,  if  not  conclusively,  to  itji  ab- 
solute idrntitv  l»clwc«'n  lunar  disturl}an<'es  of  terrestrial  nia2:netisni  :iiid  of 
terrestrial  srravitalion.     Tlie<e  nointiuirs  are  confirmed  hv  the  ideutit  v  of 
velocity,  in  iln"  eleetro  niMgiietie   "ratio,''  in  thr^  j>enduluni-o-cination«J  of 
solar  rotation,  and  in  tlie  iran^iun^siDii  of  luminous   un<lulati*»u?.      The 
symmetrical  arrangemt-nt  n['  a  thcreal  i)articles  wliich  most  siiuidv  repre- 
sents the  results  of  elastic  i)re-«-iure  (Pn>c.  Aincr.  PhU.  Sot'.,  xii,  H>^j,  the 
spiral  tcMidencir-s  of  divi-ion  in  e.\tn;iue  and  mean  ratio,  the  roiation  which 
lieli).>  t<»  mainlain  equilibrium  between  cnidlij-ting  for<*es  (Xote  *212~>,  the 
differenci.'S  of  eentrifuiral  and  eenlripetal  enerirv  which  result  froni  r«»ta- 
tion,    all    contribute   towanls  an  axial    pohirity  whieh  should  modify  a" 
forms  «»f  clienne;d   and  m«<hanieal   agirregation.     To   thc^e  elements  <"»^ 
cyclical  rhythm   Moon  ;idil<  her  <»rbiial  di^^turlvmee  id*  Earth's  n»t:ino:i 

(Kotes  21T-->^).  V  hieh  j-  <o  nuidiiii-d  bv  (U'bilal  inclination  a^  to  i)n)(lix^"''  ^ 

*  •  -t" 

magnetic  nutation.     If  we  add  to  the-^*-  eon-^ideratiiui-^  the  o<"il]atii->ii=^  '■'^ 

Earth's  erusi.  am)    oilirr  intluene»>  whieh  h-ad   to  \ ari:ition<  in  the    n.da- 

tive  ]>o-iiioiis  of  arins  <)f  greate>t   beat  nnd  coUl,  we  lind  "lat:!  for  iiu^^.^ 

intiM'cstin'.!.  iirobb-m-;  in  m:itb«'ma!ieal  tnnihsis  the  solntiun  of  whicU    "^•''•^ 

throw  mueii  li.rbi  both  on  tin-  normal  and  abnormal  phenomena  of  tf-ri*'"*''^" 

trial  m;ign«'ti>m. 

i2(ll.    ft  riii'it.itin^i  M^thil'iA  i>f  J*!.t)nfitn/  lit  rnhttlii,,. 

The  h\  po'.bivjs.  ij,;,j   s.t(  lln*  rotation  i-  menlv  n'tariied  revolution  .    '^^^ ' 
the  (  xart   eon-j-|n>iiiliii(c  brtwr<Mi   thr  tiun- <•!' rotary  oseillatl^Mi  au  *  ^  ^ ''' 

*  ■  t  lli' 

time  ill  wliieh  iii;i\iiriiim  -j^raN  ilaiiiiir  aereleraiion  would  eommuniiat  « * 

111' 
velocii  V  of  li''.lii  loan   aib'Tcal    i»ajii(le.  ^u'iLre«^l  the  liki.diluiod  ''f  *''^*.' 

■  i"i'u 
mo'luli.   wbi' ii    ni;iv  be   imimatelv    conneeti-fl    with  the    solar  eouat  *'^ 

modub:-  ol'  lii:]i:.  MtuI  wbi-li  iii:iv  lidp  u-  towards  a  fuller  undcr^iaii  '  '**  ' 

of  fuiid:innnial  kinciic  i-.'I:itions.      A- the  rotarv  o-eillati«)ns  are  (ire  '  ^^'^  ' 

the    siiiipli-i    and    iiw-i    ualunil  coniiiari^on  woidd    rt-frr  thmj  to  eirc^ '' ' 

rev«»lu'*on^  of  UMil-irin  \  rjorii  v  ;  a^^  nil  orMiid  iime<  an<l  veloi-itio  are  t  '  ^^  '^ 

tion-  of   jiKi-s   :iii  I    ili-iain-i'.  it   -i.-eni-;    riirbt   lo  begin   by    examininii' 

gnatc-i  |.o>.-iM.' liii'l:  i.f  <iriii|;iri»i  liital  vidocitv  ('1   v '"  ^.  and  tin- h'asl    1 

♦^ibli-  lii.iii  oi  1  ill  nlir-oibiiul  o>-iillatofv  liine  I  ',-/ of  rev<dution    -  -\  ■  ,    J 

t  '_  >  i  5 

'J'lic  lli-ilidl    Nill'f.il   A  llii:iir»«'  \  ablr  of /*.    Notr  7").   Llives  /  .:=  \  /    z^r)!.*'— 

.ay- 


see.  :   ;/,.  '    :  -[  ../    /•.    ^  .oiMl»i;i:i  /',  ;  ;/,.  i'  --.-{-  I  ~  --  r,..      Tlu'    ]»hof- 

namie  irl.iiion-  "l"  ibi~  t'lm-lann  iiImI  urin  iiating  modulus,  to  the  two  (.'     ^       , 
jdaiieiary  li»ei,  ww  >h<»\vn  by  ih--  :j]>pn>ximat«.'  iih'iitity  of  /  with  the  *'     ' 
in  wliith  a  lumin«»ii^  ray  \\i>nld  traverse  Jupiter's  c)rbit  t)r  Saturn's  n 
aplnli'Mi  railius  \  ciioi'.      Nejiiuui-'s  gra\  iiating  m«)dulu<.  ,t"  ^u.  repre> 


-I  X  \^^ 
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the  second  siipm-Xeptunian  locus  which  I  imlicatotl  in  187;J,  and  which 
Forbes  found  to  represent  a  group  of  conietary  aphelion  distances  (Note 
33). 

20*2.  Photodynamie  Afodulus  of  Phmetiiry  lievobition, 

A.  mathematical  friend,  in  whose  judtj^ment  I  phure  ^reat  confidence,  ad- 
mits  the  C(mclusiveness  of  the  evl<h'nce  in  favor  of  ]>araboloid:il  hannony 
in  rupturing  planetarj-  loci  (XoteU5.  etc.),  hut  ho  thinks  thai  the  approxi- 
mation  to  the  locus  of  Alpha    Cthtiturl  may  !)f?ac('id<Mitjil.     I  am  well 
a'wnre  of  the  dilUcultv,  wlilch  every  onif  nattirallv  InicN,  in  helievin"!;  that 
the     seemiu'rlv  (luiet  undulations  of  li«rht  sliould  liave  any  inlluence  oa 
the   rrlalive  i)o:sitions  of  stellar  svsti.'m-.     The  remembrance  that  the  m 
ricrf  ofacti(m  or  reaciion,  for  any  un'ven  mass,  varies  as  the  srpiare  «>f  oscil- 
lating vuloeitv,  would  >how  thai  if  there  is  nnv  phvsieal  intluenee  which 
controls  intei*sicllar  arranjrement^^.  ii  should  he  the  on»:  which  has  tho 
groiitest   normal   velocity.     Th<5   oaraholic   enercrv    which  is  manifested 
"^itliin  the  solar  system,  hoth  in  ai»proachiiJi;  and  in  leaviuL^  th«'  sun,  must 
^e  imletinitely  extended,  and  the  lumin«»Ms  undulation"*  whidi  it  indicates 
an.'   €-qually  exlen>ive.     The  symnn'iry  of  the  threcj-told  divir^ion  in  the 
purrilioloid,  toirether  with  the  fai't   that  the  uncertainty  of  st<'llar  distance 
^■^  ot  tin:  same  order  of  maLTuitude  as  j)lanetary  e(;ccjitricilic<,  excludes  any 
pro"lj:il)i(^  attribution  of  the  stellar  aceoidance  to  acciilental   coincidence. 
*  he  tf)re;!;oing  note  furnishes  additional  irrounds  tor  acccjjtin.i:  all  the  har- 
i^^oiiJc  relatitms  of  the  photo^lynamie  paraboloid  as  cllectivc.     Since  L^, 
QCr^  (Xote  To;,  and  L,  at  r.,  --  --  /..',  at  the  irravitatini;  modulus  -•/•^.  tho 
phot«nlynamie  moduhi-^  would  be  -•"V-^,  iisloL'ariihm  beinix  <*>  X  .1071  llM)-j-3 
X  l.r,r»uOO:U=:  7.0<Ml)TlMi.     T\\\<  is  only  .Olun.VM;  less  than  the  loirarithm 
**^r  th<.  locus  of  ^/   Ctiifiif'ri,   as  ileduced    from  the  corona   line  and  tho 
i»riii^]j  I'stimate  of  Sun's  semi-diameter,  iudicatinij;  a  dillerenceol  les-^than 
l.Tofcim.  jM»r  een^.     It  is,  therefon',  t'lrf'tiit  that  the  photodynamie  mod- 
^i^*?^  <>t'  Sun's  LTnivitatiii:^  ninduhw  is  in  th<'  /tr  f)//ifhtr/i'hnl,  if  not  in  the  ac- 
tual 1i>cun.  of  the  nearest  known  star. 

20o.    A  Cfun'n  of  J*/iot"ifi/fniffn'r  Jfi(r/H<miis. 

^^  W'v  desijinate  the  planetary  lo(  iw  which  c«>rresponds  to  the  corona 
ilne  Oj'oio  .Jo)  by  j' ;  Jupiter's  vrrcaiest  e<'centrieity  by  ;/;  and  the  theo- 
'^^»<*:il  Ineusof  ,i  Crntiiari  by  ^,  the  lolb>wiiiir  connectt'd  e«piations  can  all 

ni'ilneed  from  simple  and  ••bviou-^  form«»  <»f  clastic  rhythm  : 
I'  .v  =  l  —  (104M.S75  -:-5.*i(V;?:iN  y,)     -.or.Ooo  Xote    3 

^'       '  fn^=  C2  X  3  X  4)*  ///, .-  :}:J17Tr.  )„.j  "    23 

^*  X—  J  n)\  —  100. r>l  ,•„  •'    45 

*•  t'.x.  :  m^  :  ui^^     z  =  101 7 10:500  /•„  "     46 

^'  f,  =  2t  r^  »-  -:- 1  year  =  .(KK)»J'J0.->01:J  /•„  "    75 

l'  V,  =  ^v,0,-^r,y  =  .i:)V.\[V2r,^  -     75 

^-  V^  =  nr^  -r-  497.f!»27      //  ::^  214. 73r)  ••    75 


te 

&  ^ 

75 

•73 

75 

75 

75 

75 

45 

75 
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8.  2  =  ^U,^-^r,^      ?„  =  30.8497  r,  N 

9.  r=r^ii  =  900".  556 

10.  r„  z=  {m„  -:-  in.)^  ;<  (1  yr.  -:-  y  ^  x  r,  h-  n  =  432094  miles 

11.  p,  =  r^ /•.-:-/•!  =  8".  8094 

12.  ^0  =  1  yr.  -H  /i^  =  10029  sec. 

13.  d^  -:-  rf,  =  (^  -^  t^y  =  .255937 

14.  L„  =  (V,  -<-  r^'  r,  =:  474028  7-„ 

15.  Corona  line  =  7012  X  log.  30.037  /*  -r-  log.  x  —  5321.7 
10.  Pi  =  JU'^  =  92,785,700  miles 

The  values  of  y,  m^,  x,  z,  I^,  L^,  and  the  corona  line,  all  represent  photo- 
dynamic  considerations  ;  the  other  values  are  readily  deduced  from  them 
by  simple  radiodynamic  relatitms.  Stockwell's  estimate  of  y  is  .06083; 
the  value  of  n  is  intermediate  between  those  of  the  Britisli  and  the  Ainen- 
can  Nautical  Almanacs  ;  the  value  of  the  corona  line  corresponds  p^^' 
cisely  with  the  geometrii^al  wave-length  in  Note  41 ;  all  the  other  values  ^^ 
within  the  astronomical  limits  of  probable  error. 

204.  FartJur  Omlkttory  Itdationa  of  Venus. 

It  seems  not  unlikeb/  that  the  position  of  Venus,  in  the  belt  of  grei*^^ 
condensation,  nuiy  have  nearly  as  many  suggestive  relations  as  tli***^  ^ 
Earth.    To  the  eight  indications  of  Note  250,  the  following  may  be  adt-^*^^* 

9.  All  the  orbital  loci  of  Venus  are  between  a  primarj-  and  a  secoac^'*^ 
centre  of  linear  oscillation  for  Karth's  -^cmi-axis  major  (§,  and  rj  -f-  i    ^ 

=  l).     Sto<kwcirs  estimates  are,  secular  perihelion,  .0722  ;  secular  aI'**^  * 
lion,  .7744. 

10.  The  secular  aplie'ion  of  Venus  is  nearly  a  mean  proportional  bet'vV  *? 
Earth's  second  reciprocal  centre  (if  oscillation  (.\  of  ^),  and  Jujiiter's  &*-'*" 

lar  aphelion  :   ,    \  X  5.427:55  =  .7700. 

11.  The  major-axis  of  the  nifbular  ellipse  which  marks  the  incip**^ 
sepanition  of  Venus  from  Earth,  1.7744,  is  indicative  of  a  successive  in\<^^^ 
tion  f(»r  Karth's  semi  axis  major  ;  .»  x  J  =  1.7778. 

12.  The  nuis.s  harmony  {^),  introtluces  the  principle  of  virtual  velor- »  ^  _ 
into  tlu;  foregoing   nebular   ellipse,  at  the  beginning  of  subsidence^ 
Venus. 

205.    Ti(hd  ILirmony. 

The  tidal   disturbance-  of  Earth  bv  Sun.  during  a  semi-annual  orl  ^  *     . 
oscillation,  i>  sunicicnt  to  give   orbital  velocity  to  all  the  particles  w»  •■ 
are  disturbed  both  by  Sun  and  by  Moon.     (>rbital  velocity  would  be  c^^ 

municated  in   _  of  an  oscillation,  to  the  particles  which  are  disturbet^ 

^  -  -  "i  ly 
Sun's  tidal  action.     During  the  remainder  of  the  oscillation  a  likevelo^-     , 

would  be  communicated  to  r  —  1  times  as  many  particles.     If  we  d<r  ^^ 
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Date  Moon's  mass  and  semi-axis  major  by  7ii  and  p^^  this  approximation 
gives  us  the  following  proportion  : 

''^  'r*  •  •  (jr  — l)^'»o:/>8'• 
Sub8tituting  m^  =  331776  w„  p^  =  927a'5700  miles,  p^  =  238809  miles,  we 
get,  //ij  =  82.486  m^.  Tlie  values  whicli  were  found  in  Notes  8  and  246 
seem  likely  to  ]>e  subjeet  to  fewer  modillcations  than  this,  but  every  ad- 
ditional indication  of  approximation  to  anticipated  hannonies  lends  new 
interest  to  the  discussion  of  elastic  influence  and  furnishes  new  material 
for  future  analytic  researcli. 

260.  Ilitrmoaic  Tidal  Cycles. 

The  tendency  of  the  solar  and  lunar  tidal  disturbances  to  cyclic  har- 
mony, is  shown  by  the  approximate  equality  of  the  solar  disturbance, 
during  the  interval  which  would  give  terrestrial  particles  orbital  velocity, 
to  the  lunar  disturbance,  during  a  sidereal  revolution  about  the  Earth. 
The  approximation  may  be  expressed  by  the  etjuation  : 


m 

a 


a  X    o      =  -i  X   1  mo. 

Substituting  the  same  values  as  in  the  foregoing  note  for  m.,,  />.,  and  p^, 
we  get  the  approximate  value,  //i,  =  83.025/«  .  Th(*  closenc«;s  of  these 
various  api)roximations  may  be  attributed,  with  j^nrat  likelihood,  to 
3riginal  influences  of  central-belt  cond<'n*;ation,  aided  by  tlic  natiinil  sta- 
bility of  harmonic  oscillations  which  have  oncf  Ix^en  s(?t  »ip.  The  slight 
iisicrepancies  between  different  estimates  are  probably  owing  to  subordi- 
aato  rhythmic  disturbances,  such  as  nutation,  i>reres>ion.  andotln*r  oscilla- 
ions.  the  exact  influencr*  of  wliich  we  may  reasonably  hope  to  understand 
9vhcn  we  have  a  fuller  kn«)wledge  of  a^thereal  elastiinty. 

267.  Suhtcrranenn  Tidea, 

My  views  regarding  the  intluence  of  elasticity  upon  tidal  a'lju^^tnKMits, 
I*roc.  Amcr.  Ph.  Soe.,  ix-xiv  ;  xvi,  sq. ;  PM.  Xote^  'l\^)-Hi,  are  continiH.'d 
)y  the  subterranean  tides  in  the  flooded  mines  at  Dux,  in  Bohemia.  In  a 
loninuinication  to  Cui  et  Ti:rrt'.  (copied  in  Ann.  dc  Chun,  ct  de  Phy>t.,  xxv, 
i3i3-46;.  M.  C.  Lagninge  cites  the  iliscussion,  by  (Jniblowitz  (litdL  delta 
yoc.  Adr.  di  Sci.  Xat.  in  Trie^U,  vol.  vi,  fasc.  I,  iH^o.,  of  Klonne's  obser- 
ations.  The  t)bservations  seem  to  show  concbi-ively  that  the  el)b  and 
.o\v  in  the  mine*;  is  due  to  combinM  solar  and  lunar  aeijon,  but  that  it  can 
le  satisfacl<»rily  explained  only  by  the  direct  attniction  of  the  two  boili<-s 
ipon  the  solid  mass  of  the  Earth,  Lairrauire  refers  to  previmis  inve.iti- 
jitions.  by  himself  and  by  Georire  II.  Darwin,  which  go  to  >lio\v  that  if 
osniical  bodies  have  any  elji^ticity,  they  inust  undergo  continual  and 
-erioilic  changes  of  form.  GniMowit/  infers  that  those  chanires  should 
?ad  to  oscillations  of  various  intensity.  <o  as  to  prrxlncrr  mechanical 
flfects  which  differ  according  to  the  nature  and  degree  of  local  elasticity, 

I»ROC.  AMEll.  PIIILOH.  SOC.   XX.   112.  3.\.      PIUNTKD  NOVKMIlKIt  15,  1882. 
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but  subjected  to  invtiriu])lf  hnvs  which  arc  rcjrulalcd  by  the  relatire 
movements  uf  the  di^turbinj:  IkkIics.  Naiiiiianirs  tables  (Ilandhurh  dtr 
Chti/iie,  1ST7,  i»i».  ni<»-.Vj).  slmw  that  if  the  wh<de  Earth  was  a  st»lid 
diamond,  or  if  it  wa>  composed  of  rucks  which  arc  Ica'^i  expansiMe, 
the  jrreatcsl  (iiiarl«.M"-duily  tidal  deformations  would  not  invi>lvo  an 
amount  of  work  e<niivalent  to^,  -  C.     The  spring  tidal  stress  duriiijsii 

hours  is  |     "4-      *^  1  ;,    ii=  OlO  ft.,  which  ii-  enouirh   to  furnish  many 


(;?-S) 


limes  the  available  Ibrce  rcipiisite  for  all  Ihc  adjustments  of  a-thenfal  elai- 
ticilv,  freelv  nunini:  iiarticles,  and  internal  work  in  tlie  .s«»lid  rocks. 

:2ns.     •'  Coi,i*trc'ition  of  Sfh'.r  En  erf/ j/.** 

The  views  {>['  Dr.  V.  AVilliam  Si«*mens  suixi?est  a  e(>nsideralion  of  the  in- 
lluencc  nt*  i^olar  lolation   upon  the  a-thereal  alniospliore.  at  various  di?- 
tanees  fn)ni  Sun's  centre.     Laplace's  limit,  accordinij  to  the  data  in  Xote 
20:;.  i<  :ii  :i().:i.->  /•  .     Tlic  «M;ntrit'u;ral  force  of  miation  at  that  limit  w«»iiM  be 
3G.:i.-)'--r-  UJ-,M.:;  iiMie<as  great  a<  at  Sun's  surface,  while  the  c<'ntriiMtal 
force  of  iravitaMon  i-^  i»nly  ,    J^   .-  limes  as  irreat.     The  photognipli- '»t"  ^he 
solar  eclipse  which  have  been  lately  pui»lished  (Xnttin,  April  'iOth.  1^%)> 
indicate  an  atmospheric  <>blau-n«'ss  which  may  be  due  to  the  equilibriiuns 
tendencies  ot   tlHM-  two  nppo.sinir  forces.     If  the  aMhereal  <li<iurl>anc^'' 
which  result  fi(»m   thi-;  source  are  not   sulllcient   to  jn'count  fnr  luiain'^^^^ 
and  thermal   vibration^,  we  mav  look  >lill   further  to  the  velociiv  ^^l*^^" 
the   sulxidiiiii    parliclr<    \\«>jihl  ac(juire   in    falling    from    the   ecpritorw 
limil    to  tiie  pi »)(•>.     If  tin  re   was  no  re>istance.  this  velocity  would 

(•>•"  •»"■  .    >  , 

4>i.  .,-    X    :3'/.'- I     :—  oiit.s  mib-   per  secoml.      Anv   iliminutinii  nl    -^ 

vel(Mit\   \-\   i«M-i:itiii' \\<iiihl  In-  converted  into  heat.      If  the  luiMii    »^-^/ 

beiwii-ii   (h«-  <i'iinit"uL:;il    and    e«'ntri]ietal    1i'nd«Mieie«    is    in    latiiM«b'    '' 

the  nii-ai.  diiiiiiiniioii  <»f  \cl«»ciiv  \\  lien  11m-  pariifle>  re:uh  the  ivilar  >'■'** 

wnuM  be  .!>^-2  uf  :)]\\.<        'Alo  niilrs.      If  ihe  mean  time«>f  accompli'^ ^^     j 

the  c«  ii:?if'ii'j;il    jmd  crntriiM'tal  evcles  is  tlic  •^ame  a^   the   lime  n^    *'* 

. '  It] 
rot:ii\    <-(ill.iiii>ij.  ilu' lorniiila  i»l' inr^innal  •■la>iiciiv  (Note    UJ'i »  pri>"^'^' 

for  r,.!i;Ml'.!iv  wiilj  ibe  n-.ril];\inry  \  cldciiy  of  light,  and  iln^  'general     ^*' 

den<y  ol"  IP  l>.i!;c  in  m  <ll-(oiil  «ir  llattencd  form  galn<  a  new  ^igniti<':iii  *"' 

111  iif.lf  I   I.'  :!\.i!.|  :(II  (|ni'>,tii>ns  of  abvnlutc  j>rf)babiliiy.   in   Xt'He- 
L'<U.    'jH-.'.   ,1,   .    I   ii.,,.,.  r.uiipuied  (n  D-O)  -:-  1)  for  all  tin- clcmcn  *  ^ 
Cl:irke".~  i.iMi    i\.  cj.i   II,   n^inir  Dj      .  7  f(U- the  perissad*'.  l)^  =  Sfo*' 
arti;!"!-.    1>      _   1    f..r  tin-    li\dri>L'»'M   di\i«»r.     Adilini:  the   Inirarithni  "^ 
(j,  1)  —  0^    ;    I).  I  liiiil  r.  >r  ilir  p.rjvxMil*;. 

2  (f'T  D.)     :  A  •Jir.40l»20r,(i 

I 

2'nnr  D.)  "  r,  •j'i'.t):v;?«M<t) 

A  -     n  1..V,tir):{S«; 
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lie  ag£fregnt<:  i»r»)li;jl)ility  of  the  liydroj^en  divisor  is,  therefore,  84406 
;«.  as  jrreat.  as  that  of  the  fffiieral  peris^rul  divisor,  7. 
«>r  tlif  artiad-s 

2'  I  for  I ) ,)  ^  ( ■  -r  o".  ;U)0G7^8 

I  (for  1)^)  =  1)  ,   '11x^502848 

D  — (•  0.7r,OG100 

hi'  airirreiratc  iirobabilitv  t)f  the  Lrencral  artiarl  divisor,  8.  is  therefore 

»*2-il  times  as  "rreat  as  th:it  of  th<'  hvdroireii  divisor, 

or  nil  the  eh-nients 

2*  (for  Di  and  D.)  =  K  ir3".8509714 

2'  (tor  1),)  -=  F  "o  ir.OS'2l».l28 

F  — K  r).22'29714 

h«-    air^re;j:ate    pnihahility  <if  the   atmospheric;   divisors   is.  Therefore, 

»l>s  tiiin'S  a*  i:ri'at  as  that  of  the  livdroiren  divi-or. 

'ividinir  tlir  ^um<  of  ilu-  ]M'ris.vad,  artiad  and  total  h»j:arilhms  by  '20,  44, 

resjx-etivrly.  a\<'  "rt't  fi»r  the  iinaii  vnlties  uf  (//  I)  —  <))    :    1),  t»nd  for 

iiM*:in  relative  |>n»hahility  of  phyllolaetic  iiilhieiiei', 

l.oix.  AiitiNiii.  rrol>!ihiliiy. 

Periss\<l,  [)^  t".0e;J4r,i8  .10.V>o  *J.l  r> 

I),  ir.y-lfw;:;-^'^  .08t<14  :{.-2-2:) 

Artiad.     1),  -i .  t)sr,  1 5 1 T  .Oimsr,  2.124 

1).  T.i:59T71>2  .i:iTi^7  1.401 

Total.        I),,  D,  1!.!)1»7S121  .OiKr)0  2.000 

1)..       "  V.0704210  .12007  1.001 

'111- relative  Mri»l)abilitv  is  fonnil  hv  di^idiIl2;  the  ijieaii  aeeidenlal   ratios 
2n. -H.  and   r,l  numhers.  with  dith-renees  (Minally  distrihiiled,  hy  the 
iloiiarithm^.  or  o]K<.'r\ed  ratios.     '^I'he  aceideutal  ratios  are  .22'W»7  for 
pi-ri-sads,  .20~)7^  f«ir  the  artiads,  .lOOS.")  tnr^he  whole  list  of  Jih-ments. 
««iae  critiei-ms  havi*  h<»(ii  made  ii])on  my  |)revi«)iis  estimatrs  nf  proba- 
V,  which  ovi;rlo«)ked  mv  demonstniiion  that  onlinarv  tests  fail  lu  show 
•  )aMliiies -w  lii«h  an-  known  lo  exist  (^N«)tes  M.~),  140),  and  my  introtlnc- 
or"rIie(/  prinri  ])r«)bability  of  tj'ii'.leney  lo  division   in   extreme  and 
in  rati«»"'  ^No{e  171).     As  mv  objcc-t  i>  to  >h(»w  the  itJi'fire  prubabilitv 
lill'i  rent  di\is()rs,  and  as  it    is  im])o<siblc  to  know  wliat   wei;iht  should 
rixcn  to  •' y'//'>/*/ eon«id«.'raiions.  liie  present  metli«»d  may  be  aeeepiable. 

"iTo.   J-'iirnJt'nit  ntiil  Cit/trii'/'/i/l  '//III  Ct ntrt'j'^ (ttJ  Mii!<s-Jiilttti>nii<. 

li"  inlbienee  of  canlinal  lori  npon  the  relative  ma->e>  at  ilie  ehief  etrntre 
iiK-leation  and  at  llie  ehji-t'  eenire  t)f  eondi^n-alion,  i.-  shown  bv  the 
"tli«»n  : 


(1) 


Uhis  equation,  n---  Karth-  -emi  axis  major  ^^  1  ;  t,-,  --=  .Jupiter's -emi- 

major  -::  r).20270?i5  :  ;.,  -.  Sun's  semi-diameier  :  /    -  l.aplaee'^  solar 

it  =r  J{0.:5r».")W  /'^^  (See  M<»te   7.")).      This  jrive^   for  Sun's   mass,    ///^  = 
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836,153  m^,  which  ia  1.32  per  cent,  greater  than  the  estimate  which  is 
based  on  requirements  of  oscillation  and  .subsidence  (Notes  5,  23,  etc.)- 
If/,, /i  designate  the  centrifugal  force  of  rotation  at  r„.  ?,  respectively,  and 
Oof  Oi  represent  the  corresponding  centripetal  accelerations  of  gravity, 
equation  (1)  may  assume  the  form  : 

Equation  (1)  is  especially  interesting  for  its  bearing  on  the  conservation 
of  solar  energy  (Note  208);  equations  (1)  and  (2)  represent  the  equal 
ratios  of  action  and  reaction  between  centripetal  and  centrifugal  tenden- 
cies, all  the  numerators  having  a  centrifugal  origin,  while  all  the  denomi- 
nators are  centripetal.  Combining  these  equations  with  the  equation  of 
Earth's  photodvnamic  tin  rica  (Note  91),  we  get 

'^^=0)>"  (3) 

Here  also  we  have  centrifugal  numerators  and  centripetal  denominators, 
together  with  photodynamic  orbital  relations  of  mass,  distance,  velocity, 
rotation,  revolution  and  condensation,  which  art;  very  suggestive. 

271.   B: I'issad  Relatlou 8  of  yitrotjen . 

If  we  take  the  continued  product,  for  all  the  eh*ments,  of  the  percentages 
of  D  which  repnjseiit  (a  1)  —  <))  -=-  D,  the  hydrogen  product  is  68.208 
times  as  great  as  for  Gerber's  empirical  divisors,  and  18178.47  times  as  great 
as  that  for  my  phyllotactic  factors  (Xoie  13(»).  Wliile  this  is  suffldentto 
show  the  influence  of  phyllotactic  tendencies,  my  comi>arisons  of  relative 
probability  have  led  me  to  the  discovery  of  important  modification?  of  these 
tendencies  by  tlii'  abuudanr  j^ases.  IT.  X,  O  ;  II  being  a  representative 
fiietor  of  the  monatomic  eh'ments,  .',  X  for  the  tri  and  pentavalent.  SHfor 
till?  di-  and  tetratomic.  ,\.  ()  =  .09H  for  the  remaining  metallic  oknient:?. 
The  t'lTect  of  a  slight  dilfcnMU'e  in  tlu;  divisor  upon  the  residuals,  a-JWclU^ 
mv  nn-tliod  ol  oixTation,  mnv  be  illu.Mnited  bv  testinir  Oorber's  <li^'^^ 
(I)j  — 1.5.V,)j  and  my  own  (D,  .=  \  X  --=■  l.rMS)  on  the  tri-and  pontavalent 
ehrments: 

Clarko.  K,.  lU      T.o«,'.    Rj.  Lo2.15-' 

N         14.(V,M   :  :      «)!),—     10  r=      9  1).    —        1      l.OiHKHXM)  .(HMX)000 

P  :]o.!C)8  —  20  D,  —  222  =  20  \\  —  202  2.:U03r)30  i.OrtoSol^ 
As  74.91S  .^  4sl)^4-  S(J  ^  4S  I)]  4-  i:{4  1.9:U49rt4  2.1271^^ 
Sb  119.9.M  :7=  77  1),  —  ss  rr-.  77  1).!  —  11  1.9444827  l.n4i:^'; 
Bi  207..j2:{  -^  i:{:l  1)^ -i-  170  =  i:W  1)^  +  :U)9  2.2tr>5127  2.481K«-'''>> 
Au  llHrir,.")  —  viw  l)j__o7«»  Z--  120  \\  —  iri:j  2.4450042  e.lS4«0U 
Bo  lO.tMl  r_^  7  1),  J-  2S  "  7  1)^  4-  in  1.4471580  1.:.440680 
Ta  182.141  =-  117  Dj  —  259  =  117  \).  —  142  2.4132998  '2.1^^^ 
V        51.250-    :};>,  1),  —  191  :!:_-    :;:j  I)'.    —    158    2.2810334        'IV^"^^^]}, 

2Mog.  U  18.0579422  KUM*'*!^ 

9  X  log.  D  28.7350149  28.7;i:U0T5 

:,'  b)g.  (U  -:-  D)  =  log.  P  ■rr.322327:}  T":r.3l<>40^^ 

Mean  log.  =  J  1'  log.  =  log.  p  2.813.5919  'I.:)^^ 
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riic  logarithm  of  aggregate  relative  probability  is  TT.3223273  —  IT- 
.04047  =  2.011922<J;  the  log.  of  mean  relative  probability  is  XSISSOIO 
■J.5900450  =  .2235469.  Hence  the  aggregate  relative  probability  of  the 
rogen  divisor,  P,  -r-  Pj  =  102.783  ;  the  mean  relative  probability,  p,  -i- 
=  1.6732. 


272.  Aggregate  and  Mean  Ratio  of  ResidvaU  to  Atomic  Divisors. 

[n  the  following  table  the  logarithms  for  each  group  are  computed  after 
3  piethod  of  the  foregoing  note.  The  divisor  for  the  first  surd,  Sj,  is 
3— v^  5)  =.382  ;  for  the  second  surd,  Sj,  ^W  o  —  1)  =  .618  ;  for  hydro- 
Q,  H  =  1 ;  for  Gerber  and  Chase  I,  see  Note  136  ;  for  Chase  II,  see  Note 
) ;  for  Chase  III,  see  Note  271. 

3iip.  Sj.  8i.  H.  Gerbor.     Cbase  I.    Ghaso  II.  Chase  III. 

•nat.  y..*«932S9     ^.5143370  T7.2138579  TT.718609i  TT.62830:J8  11.4010.180  TT.2138579 

ado.  T.4:U00IW     T.7210766  "Hy .7187995  TT.322:J273  TT.:^223273     7.0(J7;«80  T3. 3104047 

ad  4.  Tr.749282U  rT.6963J91  Tff.-5009I35  3f 7.8^49303  2^.6176134   ^;f.34WI987  1^^.3406987 

tal.  Tff.o()7314.5  TV.1410255  7T..V,jJ33fl7  T7.33«9171  Jo.23-)13S8  ^ir.0Jl»9751   7 2. ,1388218 

•iM.  T5.77U:J3»t  TT^>4136  7T.9:{2a>74  rr.(>40!«67  ^J.ll'XXKJll   ^o.46920«W  25.5212628 

Had.  5f.2:')6.5071  Ty.»J73746  SS.1502S32  T?y.2018474  T3.W27522  f^.-'JOOGTSS  55.8795206 

l^rcfir.  TT.028U3J)6  Tr.07278S2  15^.0329406  xrT.2427841  7T.S2J.'iS3:i  75.S.1WC0I  7F.4037831 

an.  1.3141708     T.2667623     T.0791209     T.ajOOOSo  T.0I286.>4      2.997812i)     31.7719341 

1.  Ag.  .0000000     4.9541424    16.9-139900    18.7841465  21.20.'V>173    22.1660602    36.6231475 

r.  M.  .0000000       .0774085       ,2617499       .2935023  .3313051       .3463583        .6722367 

The  aggregate  residual  ratio  for  S^  is  more  than  87,000,000.000,000,000 
lefl  as  great  as  for  hydrogen,  and  more  than  4,199,000,000,000,000,000,- 
), 000, 000, 000, 000, 000  times  as  great  as  for  the  relations  to  11,  N,  O  ;  the 
an  ratio  is  1.8397  times  as  great  as  for  IF,  and  3.7345  times  as  great  as 
my  second  group  of  divisors.  The  aggregate  hydrogen  ratio  is  more 
.n  47,770,000,000,000,000,000  times  as  great  as  for  my  third  group,  the 
an  ratio  being  2.0299  times  as  great. 

273.  Comparison  of  Geometric  and  Arithmetic  Rcmidnal  Means. 

The  logarithms  of  the  geometric  meau  residual  ratios,  for  the  several 
>ups,  may  be  found  by  dividing  the  monatomic  logarithms  by  11,  the 

and  pentatomic  by  9,  the  di-  and  tetratomic  by  17,  the  iiR'tallic  by  27. 
ne  questions  of  relative  probability  may  be  tested  more  rcndily  by 
Jimetical  means,  and  for  this  reason  as  well  as  in  order  to  preserve 
litional  evidence  of  phyllotactic  influence,  the  following  table  is  given. 

of  my  divisors  were  deduced  from  phyllotactic  considenitions  ;  the  first 
shows  the  great  superiority  of  my  phyllotactic  over  Gorber's  approxi- 
tely  phyllotactic  divisors  ;  the  second  set  introduces  correspondiiiir  terms 
,wo  phyllotactic  series;  the  third  set  has  two  divisors;  which  are  simply 
rllotactic   (1,   8;   and  two  which  are  products  of  phyllotactic  ratios 

=  i  X  J;  l  =  i  X  i). 
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Arithmetical.  G«^oinctricaI. 

Group.  Sa.  Sj.  11.  G.  Cj.  C.,.  C3.  S*.  Sj.  H.  (i,  Q.  <:^  C;. 

Moiiat.  .vTh  .'J:{'2  .'Jr.  .11».',  .171  .12iij  .21.',  .201  .20!)  .0«.'>  .116  .111  .109  M) 

3  undo.  .'J  IS  .-J-.i",  .HL'  .fi'Hi  .if.Hi  .ISO  .<is2  .ISii  .IV*  .(M«  .Dti-l  .0(>",  .Ki2  .08^ 

2  and  I.  .•2H"<  .2-Jl  .'Jll  .111  .ir>  .LIT  .l.TT  .210  .Hi.>  .124  .aW  .OlS  .uW  .OW 

Motal.  .'JU-^  .2'.n  .2ii".  .L'hJ  .210  .227  .127  .2i'.  .2»n)  .lis  .222  .IN'^  .l*.!  X^ 

rorisf*.  .22!»  .22s  .isj  .irj<i  .1:17  .172  .l.V,  .Itit  .ls;5  .<»vs  .Oju)  .01*9  .IliS  fiUfi 

Arlijhl.  .270  .2i:i  .22i^  .2«»7  .'2*)^l     1H2  .VM  .2:U  .isii  .!;>;  .125  .110  .fJ97  Sft* 

Ag^'re^.  .201  .211*  .2i>y  .1^0  .M  .is<;  SMi  .2:17  .Isr,  .I2i?  .iil»  .lai  .OW  m 

274.     AS't>/;i''    Coi}iiiq"thf(d  0/  the  Idnitity  of  Luminous  oml    G/'-trifiiting 

Onr/lhitiof) . 

The  U'tln'ical  i»:irlicl<.'s,  which  :iro  roprllctl  from  Sun's  0411111  or  by  the. 
cciitrifiii^iil  forct;  nf  rotation,  ••siihsith*  "  .spirally  towards  tlu*  poh-s,  giving 
risL-  1()  Ainprriiin  ciirn'nt.s  which  account  for  AlaxweU's  iilcn  till  cation  nf 
luminous  ami  «li'Ctroiua;rn(jtic  wav»*s  and  yicldinj^  a  mechanical  oiiuiva- 
Icut  of  T(),(>o(),000  .T  for  cYcry  pound  of  subsiding  matter :  the  aiial 
core  of  the  spirals  is  the  rod  of  the  \irtual  solar  pendulum  (Xotc  lC'2)of 
^vhich  tin-  length  and  the  radius  of  torsion  are  both  determined  hv  the  solar 
modulus  of  liudit  ;  tlie  continual  succc-i>i(ui  of  spinil  impulsion*^  substitutes 
uniform  rotaiion  lor  recipro<ral  oscillation  ;  the  ;)rtT/<»c  accordance  bi'twecn 
the  time  of  rotary  (»s<'ill:ition  and  the  time  of  acquiring  or  losing  the 
vcl»)city  of  lumiinnis  projection,  shows  the  ctpially  precise  airreemciit  bo- 
Iw'ci-n  ccntril'ujxjd  a-thereal  action  ami  centripetal  gravitating  reaction;  ih<' 
combination  of  axial  rotation  with  orbital  n^volution  produces  continual 
shillings  of  inert  ial  n'sistanee  which  must  be  fid  lowed  by  continual  re- 
newals of  :ethere;il  disturbance  ;  the  perpetual  maintenance  <^f  luminous 
oscillation  by  inllux,  as  well  as  hy  an  equivalent  elllux.  removes  "tli'-'f" 
proacb  of  'riienuodynaimc^.** 

Such  are  a  few  of  the  obvious  considerations  which  an-  sugg«"«tcHl  by 
tin;  identilv  of  luiiiiiious  and  i^ravitaliiiir  oscillatorv  velocity  at  the  contro 
of  the  -olur  "Nvstcm.  In  subject  in  ir  them  to  the  te»*ts  of  matlieniiil^f*^ 
analy>i^,  the  ••ipiilibnitiui^  tendeneii-s  (»f  centrjfugal  and  centripetal  .iction 
should  la-  >tudit?d  with  e-j)ecial  reference  to  three  oblate  sphenrid-;,  all  ^^ 
which  ha\e  the  sinne  [Kjle-^  as  the  Sun.  Their  equat»>rial  loci  are  re- 1^'^' 
tively  Coincident  wilh  F.aplaee's  limit.  (i><J.o.*)/*^^),  the  virtual  radiie^  '^^ 
Solar  tor>i«>ii  (♦'•'^ *>.*>•"•/•„).  and  the  solar  modulus  of  light  CI7MJ.")Tr.). 

-  75.      <'"  n  >  /'  If  ft  (t  it'll  of  So  fH  r  Ohju't  ion  s . 

I*rofi'S-j«»r  <!»■<>.  I'^ra.-.  Fi!/(Jerald  (yiiture,  xxvi,  80)  presents   fourci''^'^" 
lions  ill  ili(.'  w.iy  i)t"obi<'(tion  to  the  hypothesis  t»f  the  conservation  of  r=^ 
enerL^v  bv  an  ;i\  rr.ijr   inllux  \\  hicb  is  cxactlv  enuivalcnt  to  thesive"^  * 
elllux.     The  reply  of  \)v.  SiiMuen-  may  be  sup]>lcment<*d  bv  some  %-  *- 
tional  con  ■id«raii<»n-.     "1.   llow  the  interplanetary  gases  near  the    •-' 
acipiirea  >u1lifi(  lu  radial  vfloeity  to  prevent  their  becoming  a  dense  air*^" 
phere  around  himV"     Tlie   proportionality  f»f  centrifugal  forc(^  to  11'^ '^^ 
wuuld  eombinc  with  the  lendcncie«^  i\{  lm-cous  ditlu^ion  ami  with   the       " 
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ascd  molecular  velocity  of  gaseous  condensation,  to  maintain  a  constant 
dilation  of  all  the  constituents  ofthe  solar  atmosphere.  "2.  Why  enorm- 
5  atmospheres  have  not  long  ago  become  attached  to  the  planets,  notably 
the  Moon  ?'*  The  reported  discovery  of  a  lunjir  atuiosphero  by  Trepied 
d  Thollon,  during  the  late  solar  tMrlipse,  which  is  announced  in  the  same 
imbcr  as  the  ipiestion.  gives  an  apt  and  timely  confirmation  of  Wollas- 
n's  views,  which  are  cited  by  Siemens.  **'*.  Why  the  earth  has  not 
m?  ago  been  deluged  when  a  constant  stream  of  aqueous  vai)or  that 
oiilil  prwlucc  a  rain  of  more  than  oO  inches  per  annum  all  over  the 
irth,  must  annually  pas-*  out  past  the  earth  in  order  to  ^upi)ly  fuel  to  be 
iss«K!iated  by  the  heat  that  annually  passes  the  earth V"  Tlu^  average 
mual  rainfall  of  the  whole  ixlobe  is  not  accuratelv  known,  but  there  is 
»k\  reason  U)  believe  that  it  is  very  nearly,  if  not  i)reeisely.  sueh  as 
3ul«l  be  re<|uired  by  the  In'pothusis.  **4.  Why  we  can  see  the  stars 
hough  most  <if  the  solar  mdiations  are  ab-^orbed  within  some  reason- 
le  distance  ofthe  Sun?"  The  ])revalent  thermodyntimic  hypotheses 
ppo?i'  an  unlimited  jKiwer  of  absorbing  radiant  r/x  cic^t,  without  any 
ipihle  evidence  of  such  absorption.  All  that  needs  to  be  explained  is 
'  maintenance  of  a  uniform  amount  of  jvthereal  oseillntions  in  the  uni- 
rse.  If  the  centrifugal  and  centripetal  alternations  of  le^s  elastic  parti- 
's are  linkird  with  like  alternations  of  n\ore  clastic  partieles  the  actions 
d  reactions  of  elasticitv  and  inertia  mav  account  for  the  operation  and 
ability  of  all  physical  laws. 

27G.   Thtitfifire  of  Kxplosirc  Oscilhitions  on  Rcdotnf  Emrtjij. 

The  relations  which  I  have  pointed  out  b<'tween  exphKivt;  oseillaticms 
^^  ])lanetary  positions  {Pmc.  Aimr.  Phil.  »SV.,  \ii,  :J02— H7.  ft  ftq.), 
^ovild  also  influence  the  centrifugjil  and  centripetal  alternations  within 
^J^'s  photospluTC.     I  have  often  shown  that  the  photodynamic  e<piality 

luminous  and  gravitating  oscillations  tends  to  drive  all  of  Sun's  parti- 
^*^  towanls  the  limit  br'tween  agiicreiration  an<l  dissociation,  so  that  a 
^5lit  external  di«5(urbance  may  turn  the  uiistal)le  e(iuilibriiim  in  either 
''eotion.  Bert  helot's  investigations  ((■.  U.  xciii.  01;J-1>)  of  explosions  in 
'Seoiisi  eotnpound'*  by  d<'tonating  ag«Mits.  have  indicated  the  «.'xistence  of 
I^losive  waves  which  are  (piite  flistinet  fr<)m  simjde  wave>i  of  sound,  and 
Ve  shown  tliat  C(Mn pounds  and  explosivi^  mixtures  genenilly  become 
^re  sensitive  to  shocks  a-*  tl)ey  near  the  temperature  at  which  they  begin 
clecompose.  Hence  a  UKJteor,  or  even  a  single  molecuh*.  which  has  ac- 
ired  a  sufFicient  v<.'locity  of  sub^irlence  in  its  sunward  fall,  may  explode 
raseous  compound  which  i^  in  or  n<^ar  the  na^^cent  state,  and  tin*  explo- 
n  may  react  upr)n  the  fallinir  ma*^'<  or  mob.'cule  so  as  to  leave  it  in  an 
'Stable  equilibrium  which  is  n*ady  for  expl»)<ion  by  the  next  lik<!  subsi- 
lo?.     The  locus  of  the  virtual  radius  of  solar  torsion  ((t/\,,  Xote  1<)2)  in 

a-teroidal  belt,  makes  the  minor  planets  important  oulpo<t^  of  explo- 
e  oscillation  in  the  second  of  the  oblate  spheroids  to  which  1  called  atten- 
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tion  in  Note  274,  and  op«ns  a  wide  field  for  analytical  research  r«*si)rcti 
the  equilibr.itinj;  tendencies  between  centripetal  and  centrifugal  cner;^  j*. 
Tlie  stability  of  major  axes,  in  orbital  revolution,  is  no  more  nccesso-  iry 
tlian  the  reciprocal  criuality  of  radiodynamic  action  and  reaction  in  ela5"t  ic 
media. 

277.     llchitions  of  Earth  to  the  A^tiroidH. 

Dilforent  portitms  of  tlie  asteroidal  belt  are  so  related  to  Earth's  varriia^ 
positions  a^  to  shan^  tlie  influence,  cither  directly  or  Ihrough  the  conver- 
sion of  oscillatory  Hi*  riaf  into  projectile  i»m  t/cr/,  of  linear,  spherical  aii<i 
cxplo-;ive   centres  of  oscillation.     One  of  tliese  relations,  which  seems 
specially  important  and  si<;niticanl  in  connection  with  the  maintenance 
of  solar  eneriry,  is  found  by  dividing  the  virtual  nulius  of  solar  torsion 
{«;•„  =  GSH.iK-irj  by  Kartira  mean  nidius  vector   (^3  =  214.450-    This 
gives  a  relative  distan<'e  of  1    -~-  8.2134,  and  a  relative  orbital  velocity 

of  (0.21:54    :-  l)i   :--   1.702«J  -:-   1    at  the  chief  centre  of  condensation 
in  tlie  solar  .system,  as  compared  with  the  orbital    velocity  at  the  ex- 
tremity  of   the    nidius  of   torsion.      This  is  within   about    y:  ^^  ^^^ 
per  cent,   of  the  nitio   (l.S)  of  the   ris  tica  of   oscillating  particles    to 
the  rii  tir^i  of  wave  propagation,  wliich  was  indicated  by  me  in  l^'*- 
(Proc.  Am.   Phil  Sor.,  xii.  394),  and  by  Maxwell  in  1877  (PhU.  Kat} 
[5]  iii.,  45o,  IV.  20ii).     A  portion  of  this  trifling  difference  may  be  e  "*• 
plained   by   the   gnidual  diminution  of  :ethere4il  density  upon  rececli  ^"^^ 
from  stellar  centres  (Xote  240). 


27s.   Collateral  llypothescn. 


In  investiiratiug  the  relations  of  centripetal  and  centrifugal  action  a 
reaction,  it  seems  desirable  to  consider  and  compare  the  following  hyj 
tlu'«^es  and  eonelu<ions  : 

1.  Liiplace's  e-^timate  that  the  velocity  of  tnmsmission,  in  gnivitati 
a<(eler!ition.  i^  at  lea<t  iH'i.noO.OOO  times  as  great  as  that  of  light. 

2.  L<'Sage's  hypothesi-^  ibai  gravitation  and  luminous  undulation  ri'p 
sent  e<pial  actions  an<l  reactions. 

3.  Fanday's  fruit hss  search  fur  a  gnivitating  constant  which  wou 
sati-^ty  his  interpretation  of  the  doctrine  of  (Mmscrvation  of  energy. 

4.  llersclH  Is  comparisi>n  of  the  mean  rU  rica  of  light,  with  that  < 
sound. 

5.  Weber's  ideiitificjition  of  the  velocity  of  light  (r.),  with  the  "electr 
magnetic  ratio  "  (/^ ). 

(>.  Pierthelot's  "explosive  waves,"  an<l  their  action  upon  sound  wave 

7.  The  in(|uirics  of  Siemens  into  the  combined  inlluence  of  rotation,  cec^^ 
trifugal  action,  gravitating  force,  and  cbenucal  afllnity. 

8.  The  various  attempts  of  Thomson,  Uankinc,  Maxwell,  Eddy,  art     '^ 
others,  to  escape  the  apjian  nt  consequences  of  the  second  law  of  thonm   -  -^ 
dynamics. 
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279.  Cosmical  and  MoUeuUir  Constant. 

If  there  Is  a  natural  unit  of  force  we  may  look  for  a  natural  unit  of 
velocity.  The  hypothesis  that  all  the  particles  of  bodies  are  in  constant 
motion,  involves  oscillation  of  various  kinds,  orbital,  pendulous,  or  wave. 
Different  transformations  of  similar  oscillations  are  harmonic.  Rota- 
tion may  be  regarded  as  a  pendulous  oscillation  due  to  retarded  and  modi- 
fled  revolution.  The  resemblance  of  LeSage's  theory  to  the  kinetic 
theory  ot  gases  points  to  a  probability  that  the  natural  unit  of  velocity 
18  oscillatory.  This  probability  is  strengthened  if  we  assume  the  ex- 
istence of  molecular  and  intermolecular  elasticity.  In  looking  to  the 
activities  of  the  principal  mass  in  our  system  for  indications  of  a  natural 
unit  of  velocity,  we  ftnd  that  gravitating  velocities  may  be  re[)resented  by 
gt.  In  order  that  gt  may  be  constant,  /  must  vary  inversely  as  g  and, 
therefore,  directly  as  r*.  This  variation  is  found  in  the  rotation  of  a 
nebulous  sphere,  where  it  holds  good  for  all  stages  of  expansion  or  con- 
traction which  are  not  aflfected  by  external  intluenctt.  Gravitating  acoolera- 
tion  should  do  its  whole  work  in  stellar  rot^ition,  as  well  as  in  planetary 
revolution.  Particles  exposed  to  solar  superficial  gmvitating  acccleraticm, 
during  a  single  oscillation  of  half- rotation,  would  acquire  a  constant 
velocity  {gt  =  ty)  which  is  equivalent  to  the  velocity  of  light.  In  other 
▼ords,  the  unit  of  velocity  which  is  indicated  by  the  combined  constant  of 
M>lar  gravitation  and  rotation  is  the  same  as  is  indicated  by  light  and  by 

electricity. 

280.  narmonioua  Development. 

The  velocity  of  light,  like  the  velocity  of  sound,  represents  an  elastic 
Mmosphere  whose  height,  it  homogeneous,  would  be  twice  the  virtual  fall 
^liich  would  give  the  velocity  in  question.  The  analogy  is  enhanced  by 
^^e  fact  that  the  hypothetical  elasticity  of  the  luminiferous  tether  is  in  har- 
^*^nic  accordance  with  solar  rotation  and  planetary  revolution.  The 
'^entity  of  velocity 

'^presents  three  simple  relations  of  light,  electricity  and  gravitation.  In- 
*^>*prct  this  fact  as  we  may,  it  is  strongly  suggestive  of  some  interplay 
"^tween  sun  and  matter  outside  of  it,  which  has  determined  solar  con- 
*^iit9.    The  invariability  of  Vy  hy  nebular  contraction  indicates  the  same 

^^tennination  for  the  present  and  for  all  future  time.  If  Sun's  mass  and 
***^gnitude  are  detennined  by  cosmic  causes,  so  that  the  solar  system  can 
^Iwayp  he  considered  as  undergoing  a  process  of  harmonious  development, 
^^e  mass,  rotation  and  other  solar  elements  seem  likely  to  be  connected  by 
*^Umerical  relations,  either  with  other  bodies  of  the  system  or  with  cosmi- 
^l  or  physical  data, 

281.  A  Fundamental  Time- Integral. 

Thomson  and  Talt  {Nat.  Phil.,  i,  §  53)  siwak  of  the  principle  of  har- 
iQoiiIc  motion  aaone  of  "immense  use,  not  only  in  ordinary  kinetics,  but 

^BOC.  AMER.  FHIL08.  SOC.  XX.  112.  3b.      FllINTED  NOVEMBER  24,  1882. 
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in  the  theories  of  sound,  light,  heat,  etc."    Nearly  all  the  results  of  M^ar 
physical  investigations  go  to  confirm  the  truth  of  this  statement.    X'lic 
velocity  which  is  involved  in  the  time-integral  of  projection  against  a  con- 
stant gravitating  retardation,  is  measured  by  gi.    The  theory  of  the  ballistic 
pendulum  assumes  {o}).  cit.,  ^  208)  "that  the  ball  and  pendulum  are  moT. 
ing  on  as  one  m:is<;  before  the  pendulum  has  been  sensibly  deflected  from  tAt 
vertical.    This  is  the  essential  peculiarity  of  the  apparatus.     A  sufficientlj 
great  force  might  move  it  far  from  the  vertical  in  a  small  fraction  of  its  time 
of  vibration .    But  in  order  that  the  time-integral  may  have  its  simplest 
applic;\tiou  to  such  a  case,  the  direction  of  the  force  would  have  continu- 
ally to  change  so  as  to  be  always  the  same  as  that  of  the  motion  of  the 
block." 

This  is  precisely  the  rase  in  the  identity  of  the  foregoing  note,  accord- 
ing to  LeSagc's  hypothesis.  The  doctrine  of  correlation  of  force  leads  us 
to  look  lor  tlie  simplest  forms  ot  harmonic  motion  at  the  centres  of  stellar 
systems.  The  simplest  value  of  t,  in  a  harmony  of  luminous  undulation 
and  stellar  rot^Uion,  is  tliat  of  a  single  oscillation  of  half- rotation.  We 
have  no  means  of  knowing  whether  the  identity,  va  =  Cs=-  ty,  holds  foi 
any  system  except  our  own,  but  its  verification  by  our  sun  and  the  variety 
of  ways  in  which  photodynamic  harmonies  are  deduced  are  very  sign  **• 

cant. 

282.  -i  Secondary  Time  Integral. 

The  hannony  between  Sun's  constrained  rotation  and  luminous  unci  «r 
lation  warrants  an  expectation  of  subordinate  harmonies  between  sc^l** 
and  planetary  motions.     We  may  naturally  look  for  the  simplest  relati-oo 
in  some  harmonic  motions  of  Sun  and  Jupiter.    Jupiter  is  at  the  nebii.1^ 
centre  of  the  system,  on  a  diameter  which  is  bounded   by  mean  loci   <)f 
Neptune  and  Uranus,  and  the  velocity  which  is  involved  in  its  time-im^- 
gml  of  rotary  oscillation,  {yt),  is  nearly,  and  perhaps  exactly,  the  same  « 
the  limit  of  planetary  velocity  in  a  circular  orbit  (/<//*  at  Sun's  surface^. 
Although  planetary  revohition  atSun'ssurtace  is  impossible,  theinflueace* 
which  tend  to  produee  it  are  continuous,   and  any  wave  motion  whicA 
may  be  thus  ])roduced  is  propagated  with  uniform  velocity  through  the 
medium  in  which  the  waves  originate.    The  uncertainties  in  regard  to  the 
exact  values  of  Earth's  scmiaxis  major  and  the  apparent  semidiameter  of 
Sun  and  Jupiter,  introduce  a  range  ot  uncertainty  into  the  velocity  of  Ju- 
piter's time  integnil,  wliich  amounts  to  about  five  per  cent.     Values  hmJ 
be  taken  which  are  verv  near  the  mean  values  and  which  make  the  accord- 
ance  exact.     This  accordance  may,  perhaps,  lead  to  a  special  extens'ion 
and  modification  of  George  H.  Darwin's  beautiful  investigations. 

283.  A  TJiird  Time-Integral 

The  centre  which  seems  to  hold  the  third  rank  in  point  of  cosmical  ifl- 
portance,  in  the  solar  system,  is  the  centre  of  the  belt  of  greatest  condeD- 
sation,  which  is  represented  by  Earth's  orbit.    The  velocity  which  is  ^' 
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vcd  in  its  time-integral  of  rotary  oscillation  is  slightly  less  than  Jupi- 
s  corresponding  velocity,  being  almost,  or  quite  identical  \^'iih  planc- 
r  -velocity  at  the  mean  centre  of  gravity  of  Sun  and  Jupiter.  These  suc- 
li^e  accordances  furnisli  data  for  a  second  "  photodynamlc  problem  of 
se  bodies,"  which  Is,  perhaps,  even  more  remarkable  than  tlic  one  given 
Tote  S54.  The  importance  of  the  combined  harmonies  may  1)c  sliown 
L  simple  recapitulation  of  the  several  linrmonic  velocities,  viz.  :  1.  The 
it  ity  of  Note  280  ;  2.  The  velocities  which  correspond  with  the  respec- 
timcintegrals  of  rotary  oscillation  for  the  chief  centre  of  nucleation 
i>,  the  centre  of  nebulosity  (Jupiter),  and  the  chief  centre  of  conden- 
>n.  (Earth)  ;  8.  The  limiting  velocity  of  circular  orbital  revolution  in 
system  ;  4.  The  velocity  of  circular  orbital  revolution  at  the  centre  of 
'it  J  of  Sun  and  Jupiter. 

284.  Instantaneoys  Action. 

fee  case  of  gravitating  action  and  re-action  between  Moon  and  Earth 
omson  and  Tait,  §  270),  is  the  one  which  led  Laplace  to  liis  highest 
mate  of  the  velocity  of  gravitating  transmission  and  to  suppose  that 
transmission  might  be  absolutely  instantaneous.  I;,  is  also  the  case 
icU  led  Adams  (lb.  §  830)  to  tlie  discovery  of  Laplace's  error  respecting 
'  theoretical  invariability  of  tlie  mean  sidereal  day  and  to  the  subsequent 
<^viS8ions  of  tidal  friction  and  retardation.  That  there  is  such  a  thing  as 
*tantaneous  action  is  so  generally  believed  that  it  seems  desirable  that 
^tnpts  should  be  made  to  furnish  some  physical  representation  of  its 
■sibllity  and  to  demonstrate  its  influence  upon  adjustments  of  equilib- 
'm  in  cosmical  actions  and  reactions.  If  frictional  accelerations  in  one  por- 
*^  of  a  rotating  globe  can  be  compensated  by  frictional  retardations  in 
^ther,  or  if  elasticity  (Note  217)  aids  tidal  tendency  and  wave  propaga- 
*i  in  making  the  instantaneous  changes  which  are  required  by  tidal 
■*On,  our  tidal  theories  need  careful  revision.  Tlie  farts  of  harmonic 
*tion  which  are  found  on  all  sides,  indicate  activities  which  have  been 
^ork  in  all  time,  and  they  should  not  be  ignored  for  any  merely  theo- 
^Oal  considerations. 

285.   "  Harmonic  Analysis  of  Tid^il  Observations,** 

^t  the  last  meeting  of  the  British  Association,  a  special  grant  of  £oO  was 
^e  to  Mr.  George  H.  Danvin,  for  a  Harmonic  Analysis  of  Tidal  Obser- 
Jons.  Mr.  Darwin's  success  in  developing  Sir  William  Tliomson's 
^8  upon  cosmical  viscosity,  and  the  beauty  of  many  of  his  results,  give 
France  of  valuable  additions  to  human  knowledge  from  any  work  that 
^ay  undertake.  The  accuracy  of  the  conclusions  which  he  lias  already 
'Wn  from  Delaunay's  hypothesis,  is  unquestionable.  My  criticisms 
otes  215-225)  upon  Prof.  Ball's  use  of  those  conclusions,  were  based 
^n  the  fact  that  they  did  not  adequately  represent  all  the  elements  of 
'  questions  which  were  involved,  the  laws  of  intermolecular  elasticity 
)  harmonic  motion  having  been  almost  entirely  overlooked.  In  the 
*«iice  of  any  positive  evidence  of  tidal  retardation,  we  have  no  right  to 
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jump  at  the  conclusion  that  it  is  estabhshcd  by  the  second  law  of  thenno- 
dynamics.  The  •*  reproach  "  which  that  law  involves  is  increasingly  felt 
by  able  investigators  (Note  278,  8),  and  even  if  it  should  at  last  be  unani- 
mously admitted  that  the  reproach  is  unavoidable,  it  is  more  satisfacl«)nr 
to  sup[)ose  a  continual  restoration  of  energy  by  divine  supervision,  thm 
to  believe  in  the  spasmodic  alternations  of  rest  and  activity,  which  arc 
taught  in  the  Hindoo  mythology. 

280.  Refraction  of  Energy, 

The  important  cosmical  time-integrals  and  the  triple  identity  of  funda- 
mental  velocities  (Notes,  280-3),  seem  to  be  indicative  of  a  continual 
equivalence  of  centripetal  and  centrifugal  activities,  such  as  LeSage  made 
the  basis  of  his  hypothesis  ;  the  rotation  of  stellar  centres  serving  both  to 
maintain  the  active  energies  of  the  universe  and  to  provide  cyclical  ad- 
justments of  equilibrium.     The  apparent  requirements  of  thermo-dv- 
uamics  may,  perhaps,  be  partially  satisfied  by  the  probability  that  th« 
(ethereal  atmospliere  of  every  star  has  a  relatively  hot  and  a  relatively 
cold  hemisphere.    It  seems  possible  that  all  radiations,  luminous,  therm*^' 
electrical,  or  kinetic  in  any  other  form,  may  be  so  refracted,  in  their  pi^' 
sage  through  the  various  stellar  atmospheres,  as  to  be  cither  reflect^ 
from  star  to  star,  or  transiently  absorbed  by  media  which  can  speedily  ^ 
enabled,  by  stellar  rotation,  to  give  them  out  again. 

287.  Anotlicr  PhyUotactic  Atomic  Ditiaor. 

The  di-  and  tetratomic  group  of  chemical  elements  can  be  more  nearly 

represented  by  the  phyllotactic  divisor  §  C  =  7.9824,  than  by  8  H  (Note* 

271-2). 

O.  T-.0.  (Log,Tv-.0.) 

15.9(533  .0015  11.176*^ 

31.984  .0544  '^.TioGO 

78,797  1.027  0  011."): 

127.900  .2410  l.miO 

23.959  .0118  '^.0:188 

39.990  .078  T.Sfl-^lHI 

87.374  .4324  T.63589 

130.703  1.0022  O.OStaO 

11.9730  3.9912  0.60110 

28.195  3.7340  0.57224 

49.840  1.9510  0.29039 

89.307  1.6600  0.19829 

117.008  2.038  0.30920 

199.712  .152  T.lSlSJ 

95.527  .2018  TM"^ 

183.010  .0148  i2".l'^ 

2JW.482  .99  T.5'95« 

17  (log.  D  =  .90213)  15.33621 

17)  "2^.32814 
Logarithm  of  mean  residual,  "5f.5487l 


T. 

0 

2D 

15.9048 

s 

4  1) 

31.9290 

Sf 

10  D 

79.8240 

Te 

10  D 

127.7184 

Mg 

3  1) 

23.9472 

Cu 

5  1) 

39.9120 

Sr 

11  D 

87.8004 

Bii 

17  D 

135.7008 

C 

2  1) 

15.9048 

Si 

4D 

31.9290 

Ti 

OD 

47.8944 

Zr 

11  D 

87.8004 

Sn 

15  I) 

119.7300 

Hg 

25  D 

199.5000 

Mo 

12  D 

95.7888 

^y 

23  D 

183.5952 

U 

30  D 

239.4720 

431 
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288.  Another  Basis  far  Estimates  of  Probability . 

3  substitution  of  §  C  for  J  O  or  8  H,  in  Notes  271-2,  not  only  introduces 
ler  evidence  of  phyllotactic  influence  upon  atomicity,  but  it  also  shows 
the  organic  elements,  C,  11,  O,  N,  stand  in  important  phyllotactic 
ons  to  four  fundamental  groups  of  elements.  If  we  omit  C  from  the 
arison,  the  remaining  elements  of  the  di-  and  tctratomic  group  give 
►82  for  their  logarithm  of  mean  residual.  The  respective  residuals 
selves  are  .03538Z>  and  .029982>.  I  have  already  considered  various 
■bilitles,  which  were  based  on  Schuster's  estimates,  as  well  as  rela- 
•robabilities  which  are  indepcDdent  of  any  absolute  estimates.  An- 
satisfactory  basis  of  comparison  may  be  found  in  the  mean  limiting 

of  the  residual,  a'^nD  =  5  401554  (2??/))  ^-d,  when  the  possible  re- 
Is  arc  taken  in  arithmetical  progression.  If  all  possible  values  are 
Laken,  in  other  words,  if  the  number  of  terms  is  infinite,  the  second 

:  becomes  unity  and  the  limiting  value  is  ,-^  =  .18394i>.    This 

times  as  great  as  the  first  of  the  above  mean  residuals ,  or  6.135  times 
eat  as  the  second. 


289.  Resumi  of  Phyllotactic  Atomicity, 

I 

B  most  satisfactory  phyllotactic  divisors  for  the  four  elementary 
>s,  as  indicated  by  the  foregoing  notes,  are  the  following  :  «,  for  the 
itoinic  group,  H=  1  =!=  J.^  0 ;  /9,  for  the  tri-  and  pentavalent  group, 
=  1.558 ;  r*  for  the  di-  and  tetratomic  group,  ^  (7=^0  =  8//  = 
4;  r),  for  the  residuary  metallic  group,  j^.^  0  =  ^ /*  =  .998.  The 
arative  residual  percentages,  as  deduced  from  Note  272,  and  from 
divisors  are  given  in  the  table  below  : 


P«. 

Si. 

II. 

Gerber. 

ChaBe. 

It. 

.20117 

.20868 

.08483 

.11623 

.08483 

5 

.18626 

.15532 

.09306 

.06510 

.06499 

.4 

.24947 

.16498 

.12405 

.04988 

.02998 

1. 

.22497 

.20023 

.14752 

.22172 

.06882 

3. 

.19432 

.18271 

.08344 

.08955 

.07525 

d. 

.23414 

. 18584 

.13797 

.12460 

.04965 

i 

.22089 

.18483 

.12007 

.11237. 

.05654 

290.   Comparatice  Probabilities. 

;  following  tables  give  the  comparative  probabilities  for  the  several 
)rs  :  Ist,  if  the  hydrogen  unit ;  2d,  if  .183942)  is  taken  as  the  unit  of 
bility. 
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J=2 

^1 

H. 

Gerber. 

Cbaa»e. 

3Ionat. 

.4217 

.4005 

1.0000 

.7298 

I.IXHCW 

:i  and  5 

.4990 

.5991 

1.0000 

1.4295 

1.4$  ms 

2  and  4 

.4972 

.7519 

1.0000 

2.4868 

4.1^^-7  7 

Metal. 

.0558 

.7308 

1.0000 

.6653 

2.16 125 

Perisssul. 

.4551 

.4840 

1.0000 

.9876 

1.17i>3 

Artiad. 

.5893 

.7424 

1.0000 

1.1073 

2.Ti^9l 

I^Ieaa 

.5430 

.0490 

l.OCOO 

1.0684 

2.12^5^ 

Aggreirati!.  S,  .0000000000000000114;  Si  .00000000000102  ;  H  1  ;  G  69 .OL 
C  a53, 782, 000, 000, 000, 000. 000. 


Monat. 

.9143 

3  and  5 

.9870 

2  and  4 

.7373 

Metal. 

.8170 

Perissad. 

.940(; 

Artiad. 

.7850 

Mean. 

.8327 

.8814  2.1685  1.5825  2.1( 

1.1843  1.9766  2.8255  2.83Crr^^ 

1.1149  1.4829  3.6876  6.1 

.9187  1.2409  .8296  2.6 


1.00(;7  2.0799  2.0541  2.44^^''^ 

.9898  1.3332  1.4763  3.71 

.9952  1.5320  1.6369  3.25 

Aggroj^^ate.  S^  .00000815  ;  S,  .7;J5  ;  II  718,725,600,000  ;  G  49,821,227,000. 
000  ;  C  014,812,000,000,000,000,000.000,000,000,000. 

291.  Another  Comparatice  Ba$is. 

In  the  above  comparisons  it  seemed  best  to  exclude  the  elements  tli 

were  exactly  phyllotactic  multiples  of  the  assumed  divisors  (II  in  the 

and  51)1  columns  ;  X  and  C  in  the  5th).     If  those  elements  were  consi 

cred  as  uncertain  to  the  amount  of  .001  II,  the  results  would  be  modifie 

by  introducing  all  the   elements,  as  follows  :  residuals  ;  H,  monatoiniir: 

.05859,  i)erissad,  .07141,  mean,  .11154  ;  Cliasc,  monatomic,  .05859,  tri- an 

pontatomic,   .03891.   di-  and   tetratomic,    .03538,  perissad,  .04910.  artiad 

.05293,  mean.  .05108.     The  comparative  mean  probabilities  would  be  a 

follows:  S,  ..5050.  h>,  .0035,  11  1.0000,   Gerber  .9920,  Chase  2.1581.     Th 

mean  probability  of  the  hydrojien  unit,  as  deduced  from  the  mean  acci-^ 

dental  residual,  would  be.   1.9280;  of  the   phyllotActic  divisors,    3.55^?9. - 

Tliat  the  test  of  the  mean  accidental  residual  is  sufficiently  severe  is  evi-- 

dent   Irom  the  probabiliiicjs   which  it  indicates  for  the  surd  divisors,  S,^ 

and  S.j. 

292.    OhjeHion  An  Hirer  ed. 

The  unc(;rtainity,  even  of  ('larke's  recomputation  of  atomic  weights,  ha* 
been  urged  as  an  o])jection  to  the  acceptance  of  any  apparent  probabilities 
which  mav  be  inferred  from  their  examination.  If  our  conclusions  wore 
absolute,  the  objection  woul<l  be  valid,  and  it  must  be  admitted  that  even  the 
compamtive  probabilities  will  doubtless  be  greatly  modified  b}'  the  more  ac- 
curate deterniination  of  doubtful  atomicities.  The  modifications,  however, 
would  be  quite  as  likely  to  increase  the  evidences  of  phyllotactic  influence 
as  to  diminish  them,  if  there  were  no  reason  to  look  for  such  influence.  The  a 
priori  grounds  for  expecting  ])roof  of  harmonic  action  in  some  shape  or 
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rttlier  (Xoie  281},  together  with  the  various  phyaical  tendencies  to  division 
\a  extreme  and  mean  ratio  (Notes  135,  etc.)»  which  make  phyllotaxy  a  sim- 
ple form  of  harmony,  seem  likely  to  turn  the  scale  largely  on  the  side  of 
^is  present  leaning,  so  as  to  make  the  fact  of  atomic  phyllotaxy  more  and 
wiore  evident  with  each  successive  increase  of  precision  in  atomic  measure- 
inents.    While  the  mean  probahility  of  the  hydrogen  unit,  under  the  most 
fi^vorahle  aspect,  is  1.93  times  as  great  as  that  of  any  divisor  taken  at 
n^ndom,  the  mean  probability  of  the  phyllotactic  divisors,  under  the  least 
favonible  aspect,  is  1.845  times  as  great  as  that  of  hydrogen.     If  my  di- 
^'isors,  like  Gerber's,  had  been  purely  empirical,  there  would  have  been 
iJiore  reascm  to  think  that  they  might  lose  credit  with  increased  pri'cision 
"f  dotemiination,  but  even  then  it  would  be  strange  if  so  large  a  relative 
'i<l  vantage  were  entirely'  overcome.     The  successive  discoveries  that  Gter- 
^>er's  divisors  are  approximately  phyllotactic,  that  their  significiince  is  in- 
<Teosed  by  making  them  exactly  phyllotactic,  and  that  the  most  satisfac- 
torjr  division*  which  have  yet  been  found  stand  in  simple  phyllota<;tic  rela- 
'ions  to  the  four  fundamental  organic  elements,  furnish  no  ground  for  ex- 
pecting any  future  reversal  or  weakening  of  the  harmonic  indic:Uions 
^'hich  I  have  already  set  fortli. 

293.  Photody mimic  Prcumon. 

To  the  many  harmonic  evidences  of  pliotodvnamic  union  and  reaction 
itGtx?oen  the  chief  centres  of  nudeation  and  of  condensation,  Sun  and 
E'*irth.  may  be  added  one  which  serves  to  illustrate  and  extend  the  princi- 
P'e^  that  are  inv(>]ved  in  my  first  "  photodynamic  ]>roblem  of  three  bodies" 
^N"ote  254).  If  we  suppose  the  photodynamic  rotating  influence  on  th*» 
***thcreal  s[)hcre,  at  the  equatorial  locus  of  Sun's  modulus  of  light 
(474028r^  :  Note  203),  to  be  such  as  would  give  planetary  velocity  at  the 

*4me locus,  the  time  of  rotation  would  be  (474028  : -2 14. 73)^=103721  years. 
*f  nebular  condensation  were  to  Ix'gin  at  that  locus  and  proceed  until  the 
Priinitive  velocity  of  the  locus  would  tend,  throuijh  viscosity,  to  beconu* 
Parabolic,  the  nucleal  radius  would  be  reduced  to  one-half  and  the  time  of 
"Station  to  one  fourth  of  the  primitive  values.  The  perioil,  or  "great 
y«?ar,"  which  is  thus  indicated  (25030.25  years),  is  virtually  identical  witli 
'^  Complete  revolution  of  the  e<piinoxes,  which  llerschel  estimates  at 
-"•.QrtS  years  ;  Stockwell  at  25,004  8  -4  281.2  years  ;*  Newcomb  and  IIol- 
*lea  '*abimt  25,800  years."  This  accortlance  furnishes  another  reason  for 
^Heving,  with  Laplace,  in  the  stability  of  the  ])hysical  universe,  rather 
^^An  in  the  ultimate  stagnation  which  seem-*  to  be  indicated  by  the  qucs- 
lioniible  second  law  of  thermodynamics. 

294.  Harmonic  Rotation  of  Earth  and  Moon. 

The  improbability  of  Delaunay*s  hypothesis  is  further  increased  by  liar- 
n^OQies  of  rotation  which  involve  the  conjoint  action  of  Sun,  Earth  and 
Hoon. 

*  The  dUTorances  from  the  mean  value  being  duu  to  secular  inequalities. 
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By  taking  the  rotating  locus  of  the  linear  centre  of  oscillation,  for 
place's  terrestrial  limit,  I,  we  find  that  the  velocity  of  rotation  at  }  { is  ^s^ir- 
tually  identical  with  Moon's  mean  velocity  of  revolution.     Let/  =  /*    .^ 

then  f^  =  2r\  -     =  80104.1   seconds  ;  n  =  0.00704 ;   4  I  =  2.2023S  ^,  ; 

•  7  3 

velocity  of  rotation  at  J  Z  =  4.40409  r^j,  per  sidereal  day,  or  4.41675  rrr, 
per  mean  solar  day.  If  this  is  Moon's  mean  orbital  velocity,  the  circtiwn- 
ference  of  her  orbit  is  (27.321001  x  4.41075  =  120.073)  rrrl  Moon's  or- 
bital eccentricity  being  .0549081,  her  orbit  is  .999240  X  2  ^a  and  <?  =  60.  382 
r,.  Proctor's  estimate  is  00.203  r, ;  Littrow's,  00.278  r, ;  Newconi"b*8 
00.039  Ty     See,  also,  Note  290. 

295.  Spectrum  of  Comet  Wells. 

Huggins  {Xature^  June  22,  1882,  p.  179)  gives  a  band  spectrum,  ¥«^ilh 
measured  wave-lengths  for  the  brightest  i>ortions.  Its  harmonies  are 
shown  in  the  following  comparisons  : 


lIiipTffins. 

Divisors. 

Harmonic. 

a 

4709 

1 

4769 

:^ 

4034 

1  +  a 

4034.2 

r 

4507 

l  +  2a 

4507.2 

a 

4412 

1  +  26 

4412.1 

e 

4258 

1  +  36 

4252.9 

i^-r  ' 

r-€  : 

:  1  :  2 

r-e  : 

.^-^  : 

:  2  :  3 

In  otber  words,  r  is  the  centre  of  linear  oscillation  between  e  and  ,3. 

Other  phyllot:ictic  ai)proximations  are  indicated  by  the  proportions : 

o—£  :  ^— £  :  :  5  :  8  nearly. 

y-s  :  as  :  :  1   :  2      ** 

These  scvoml  relations  show  a  primitive  phyllotactic  tendency,  whi 
is  controlled  and  modified  by  ^  and  the  harmonic  divisors.  The  folio 
ing  values  would  exactly  satisfy  all  the  phyllotactic  harmonies  :  47C0.7 
4033. 8G.  4r)07.  4411.b<0,  4253.29. 

290.  Harmonic  Nebular  Time- Integrals. 
The  second  "  photodynamic  problem  of  three  bodies,"  which  is  special^ 
implied  in  my  three  primitive  time  integrals  (Notes  281-3),  may  l)e  arff- 
soeiuted  with  the  first  through  a  harmonic  relation  which  involves  Moon*^ 
orbital  time  (t-^),  Karths  rotation  (ta),  Earth's  superficial  gravitating 
acceleration  (//3I.  and  Sun's  gravitating  acceleration  at  the  perihelio 
centre  of  gravity  of  Sun  and  Jupiter  {g^).  The  relation  is  expressed  bjT 
the  proportion. 

f^'ta:''Uo'ffi 

The  resulting  oqimiUm,  g^t-j  =  g^t^^  indicates  two  imi)ortant  harmonic 
time-integrals,  which  seem  much  more  likely  to  be  permanent,  than  to  be 
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disturbed  and  even  overthrown  by  tidal  friction  and  retardation.  Since  g 
is  taken  at  the  present  locus  of  Jupiter's  orbital  projection,  it  seems  possible 
that  the  lunar  disturbance,  which  Delaunay  referred  to  tidal  friction, 
may  have  a  secular  period,  which  represents  some  function  of  Jupiter's 
secular  variations  of  eccentricity.  If  we  take  Leverrier's  estimate  of  Jupi- 
ter's present  eccentricity,  .0482388,  and  Stockwell's  estimate  of  its  secular 
variation,  .0008274,  Sun*s  superficial  gravitating  acceleration  is  1.027  g^  ^ 
1.037  X  27.321661  =  28.0o».  This  gives  p^  =  92.409.000  miles,  if  we  take 
the  oscillatory  estimate  of  Solar  mass,  and  the  British  Nautical  Almanac 
estimate  of  Sun's  apparent  semi-diameter  (//i^  =  331,776  in^\  p^  = 
214.45^o).     Compare  Note  256,  e. 

297.  Two  Tidnl  (Questions. 

No  physical  question  can  be  regarded  as  satisfactorily  settled,  until  all 
the  known  facts  which  are  likely  to  have  any  bearing  on  its  solution 
have  been  duly  considered.  Provisional  hypotheses  ma\'  be  very  properly 
adopted  as  occasional  and  temporary  expedients,  in  order  to  fix  new  points 
of  departure,  and  facilitate  the  progress  of  investigation,  but  even  they  are 
defective  whenever  they  are  obviously  limited  and  partial.  The  cosmical 
importance  of  harmonic  motion,  which  Laplace,  demonstrated  in  his  dis- 
cussions of  Jupiter's  satellite  system,  as  well  as  the  further  evidences  of  its 
general  physical  importance  which  have  been  brought  forwanl  by  La- 
grange, Fourier  and  Thomson,  cannot  be  wisely  set  aside,  even  in  a  pro- 
visional hypothesis,  through  any  dogmatic  assertion  of  a  thermodynamic 
requirement,  which,  if  it  is  not  compensated  in  some  way,  may  possibly 
lengthen  the  terrestrial  day  by  a  minute  interval,  which  has  been  variously 
estimated,  from  ^lyiyy^  to  ij  of  a  second  in  a  year.  Even  if  the  requirement 
w^as  universally  admitted,  the  relations  of  photodynamic  precession  (Note 
298),  indicate  a  )X)ssib1e  harmonic  acceleration  which  is  manifoldly  greater 
than  this  problematical  retardation.  Before  making  any  admission  which 
would  call  for  a  careful  study  of  this  i)Ossible  acceleration,  two  questions 
should  l)e  satisfactorily  answered  :  1.  Are  the  tidal  tendencies  instan- 
taneously adjusted?  2.  Are  the  local  tidal  frictions  limited  to  mere  terres- 
trial action,  so  that  the  conversion  of  motion  into  heat,  at  one  point,  is  com- 
pensated by  a  conversion  of  heat  into  motion  at  another? 

298.   Explosive  Wdces. 

Bcrthelot's  discovery  has  already  been  suggested  (Note  278,  6)  as  one 
of  the  im[)ortant  topics  for  consideration  in  the  study  of  lethereal  correla- 
tions. The  velocity,  \^gh,  whicli  is  indicated  by  the  explosive  energy  of 
n,0  (Note  16),  is(32.088  X  68878.2  X  1389.6 -^-  9)i  =  18473  ft.  =3.49865 
miles  per  second.  This  velocity  is  suflicient,  under  the  nonnal  atmos- 
pheric pressure  at  Earth's  surface,  to  produce  ajthercal  waves  which  are 
nianifestetl  by  light,  heat  and  chemical  combination.  We  may  accordingly 
look  for  like  phenomena  whenever  "subsiding"  particles  penetrate  the 
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nebulous  region  of  the  zodiacal  light  wilh  a  correapondiog  wi»  wbm.  8oW- 
denceArom  Lap1ace*8  solar  limit  (Kotesd68,  274)»  woald  glT«  a^ite 
which  is  more  than  10000  times  as  great.  In  their  passage  tluoa^  tlw 
solar  atmosphere.  These  facts  should  be  carefhlljr  considered  in  aiy  is- 
restigations  which  are  suggested  by  the  hypothesis  of  Dr.  Siemcnt.  Tbs 
exploslTc  Telocity  being  acquired  long  before  the sabeiding matter! 
Sun's  surface,  the  compounded  anct  condensed  particles  oontlonei 
into  the  region  of  dissociation  and  centrifhgal  projection.  No  snUeieit 
reason  has  yet  been  given,  for  doubting  the  adequacy  of  the  flmdansitri 
time-integral  (Notes  280-1)  to  keep  up  this  circulation  indeflnUely.  Im« 
portant  harmonic  analogies  are  suggested  by  Neptune's  projectile  oitfeil 
velocity  at  secular  perihelion,  and  by  Jupiter's  mean  locos  of  sabsidAtt. 
According  to  Stockwell's  estimates  of  the  planetary  elements,  Neptois't 
secular  perihelion  velocity  is- 8.42  miles  per  second  and  Jupiter's  ausa 
aphelion  is  6.4274/9,;  the  mean  proportional  between  Barth'a  aenUili 
major  and  Neptune's  secular  perihelion  being  5.4404  ^ 

290.  AlternatioM  nff  JSnergy, 

All  the  ordinary  assum'pticms  of  diAlpatlon  of  energy  take  It  fiyr  gruled 
that  the  universal  lether  is  able  to  absorb  heat  IndeflnUely,  without  is- 
parting  it  again  to  more  condensed  matter.  If  this  were  the  case,  wkj 
should  not  the  heat  be  absorbed  in  its  passage  from  star  to  start  Judging 
from  atmospheric  analogies,  we  may  infer  tlie  existence  of  sthereal  ooa- 
vcction  currents  and  a  grcfiter  manifestation  of  heat  wilh  incr«a«bg 
density.  If  ivtliereal  density  varies  wilh  pressure,  as  I  have  suppoM?d  in 
Notes  8.5,  2:)(»-240,  etc.,  the  kinetic  tlieory  ot  gases  would  imply  fi  con 
stant  mean  molecular  velocity.  The  tangential  character  of  luminous  un- 
dulations implies  a  i)olanty  which  would  tend  to  the  formation  of  sethcreal 
spheroids  about  stellar  centres,  and  if  those  centres  liavean  orbital  motion 
which  is  ccMubined  with  an  axial  rotation  of  their  respective  orl)s.  the  con- 
tinual changes  of  relative  position  would  favor  a  transfer  of  energy  from 
star  to  star  which,  with  reflection  and  refraction  (Note  2H0),  might  main- 
tain perpetual  tendencies  to  an  equilibrium  which  would  never  l>e  reaclieil 
It  seems  not  unlikelv  that  the  thermal  relations  of  everv  star  to  its  «tbe- 
real  spheroid  may  be  so  adjusted  that  there  is  a  transfer  of  heat  fromthf 
:vther  to  the  nucleus  durini?  one-half  of  each  rotation,  and  from  tlif 
nucleus  to  the  a-thcr  during  the  other  half.  Such  a  hypothesis  lends* 
meaning  to  the  fundamental  kinetic  identity  (Note  280),  which  is  in 
thorough  accordance  with  Laplace's  belief  in  the  stability  of  the  solar*}"* 

tem. 

JWX).  ActiotiH  and  Reactions  in  Muring  RaditUionH. 

Prof.  II.  T.  Eddy  (f^ri.  Pror.  of  the  Ohio  Mech.  Iii$t.,  July,  18S*)  de- 
scribes a  method  for  the  distribution  of  heat  in  a  way  which  conflict? 
with  the  second  law  of  thermodynamics.  He  objects  to  the  so-called  tx- 
ioms  of  Clausius  and  Thomson,  on  the  ground  of  their  implicit  assumptios 
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that  heat  is  mdiated  with  infinite  vch)city,  inasmuch  as  Ihcy  take  no  ar- 
couQt  of  tlic  states  of  relative  rest  or  motion  of  the  biKlies  between 
whirli  the  licat  ]>u3ses.  He  cites  tlie  statement  of  Kirchhoff,  "that  the  second 
lAw  cannot  be  (at  present)  proved  ;  but  it,  so  far,  lias  never  been  found  in 
disagreement  with  exiMjrience;"  the  view  of  Maxwell  und  Boltzmann  (  Wim 
f>Uzb.,  Bande,  Ixxvi,  Ixxviii).  that  it  should  be  rejrarded  "as  merely  the 
mean  result  flowing  from  the  laws  of  probability  ;**  liankine's  i>aper  {Phil., 
}fig,  [4]  iv,  :}58).  in  which  "he  has  supposed  it  possible  to  reflect  nidia- 
tions  in  such  a  way  as  to  tjive  the  universe  such  dilTerences  of  tempttniture 
as  to  insure  it  a  new  lease  of  life  ;"  and  the  paper  of  Clausius  (Mer.h.  Theorif 
of  Unit ^  chap,  xii),  showing  the  general  impossibility  of  such  a  reconcen- 
trati<m  as  Rankinc  supposed,  when  the  radiating  bodies  are  at  rest ;  never- 
theless, no  siich  impossibility  may  finally  appear  in  case  of  the  actual  uni- 
verse which  is  a  system  ot  moving  bodies."    He  closes  his  discussion  with 
the  following  sentences:     "The  point  tt)  which  I  wcmld   emphatically 
direct  attention  is,  that  since  radiations  are  known  to  l)e  moving  in  si>ace, 
a]Kirt  from  ponderable  bodies,  and  subject  to  reflections,  it  is  possible  so  to 
deal  with  them  astocompletely  alter  their  destination,  and  successfully  inter- 
fere with  all  result^  flowing  from  Prevost's  law  of  exclianges.  It  also  seems 
to  me  that  the  exactness  of  the  second  law  of  thermodynamics  dei)ends,  as 
far  as  radiations  are  concerned,  upon  that  of  this  law  of  exchanges."     In 
addition  to  the  retle(?tions  to  which  moving  radiations  are  subject,  I  have 
also  CJilled  attention  to  their  refraction  (Xote  2H0),  and  I  have  endeavored 
to  co-ordinate  all  my  discussions,  through  tlie  fundamental  identity  (Note 
2S0),  which  implies  an  e((uivalent  motion  of  reaction    f<>r  eyery  nidiant 
action.     Moreover,  the  moving  particles  in  each  radiant  undulation  an*  all 
subject  to  cosmical  attraction>  and  penurbations,  which  have  not  y<'t  been 
considered  in  investigation:?  of  the  j?e(?ming  di^si])ation  of  encrrgy. 

:501 .   llirnst  of  Pohn-  lo- Ctpn. * 

Geologists  who  believuthat  the  northern  hemis])ln're  was  once  largely' cov- 
ered with  i<-e.  have  usually  attributed  tlie  thrust  to  the  simple  gravitatiiii: 
pres.**ure  of  the  accumulation  at  the  jx-le.  The  position  of  many  of  the  bouM- 
ers,  and  of  the  supposed  terminal  moraines,  seenjsto  hidicate  a  greater  ino- 
]>el1ing  force  than  many  investigators  are  willing  to  attribute  to  the  com- 
bined action  of  polar  centripetal  and  equat(uial  centrifugal  energy.  Per- 
haps the  unwillingness  may  be  reiiioved  by  makiuir  pnifXT  allowance  for 
•*the  flow  of  solids. "  an  element  of  the  j»nibl«.'m  which  d<ies  not  seem 
to  have  received  any  consideration  beytmd  ilie  simphjiilaslicity  and  regela- 
tioii  whii'h  have  been  studied  in  «onn«"etiun  with  the  nn)vements  of  ordi- 
nary glaciers.  The  jihotodynamic  l;yi»oilie>is  of  an  all-pervading  and 
universiilly  active  aMher  invDlve.*^  tln'  n'<|uinMnent  (»f  perpetual  tendencies 
toward  equilibrium.  an<l  tlie  e\idence  ofsucli  lendt^ncies  which  is  given  by 
Earth's  oblatenes^  (Notes  2-l<»,  '249;  furnisher  an  adequate  explanation 
for  many  of  the  glacial  phenomena  which  have  hitherto  seemed  jmradoxi- 
cal.     Bessel's  estimate  of  the  oblateness  is  slightly  less  than  would  result 
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from  Tresca's  •*  flow  ;*'  Clarke's  two  estimates  accord  more  nearly  with 

theoretical  value  ;  while  Listing's,  which  is  the  latest  of  all,  giyes  anagre 

ment  which  is  virtually  exact.     If  w^e  start  from  his  estimate  (1  :  888.4 

4-2  X  288.4 
we  get  (J  =    /Qt5i(^4  iNi    '*  =  32.080  fl.   Ganot's  value  is  32.088  ft.  It  csE^-an 

hardly  be  believed  that  such  a  coincidence  is  merely  accidental.    If  it 
indimtive,  as  I  have  supposed,  of  inler-moleculariethereal  action,  it  has 
important  bearing  on  tidal  equilibrium,  and  it  shows  that  Earth's  si 
and  rigidity  were  not  fixed  in  any  past  age,  but  are  at  all  times  adjuste^==3ed 
to  the  n^quiroments  of  internal  elasticity  and  external  attractions.     An^ 
arguments  which  may  be  adduced  in  favor  of  such  an  adjustment  may 
urged,  a  fortiori,  in  support  of  the  flow  and  thrust  of  a  plastic  materis 
like  ice.     The  velocity  of  terrestrial  rotation,  in  the  mean  latitude  whi( 
Prof.  II.  C.  Lewis  has  indicated  for  the  terminal  moraine  in  Pennsylvanic 
is  more  than  1000  feet  per  second.    The  centrifugal  force  consequent  ui 
such  a  velocity,  together  with  the  thrust  of  an  ice-cap  which  extended  W^ 
the  pole,  must  greatly  facilitate  glacial  flow.     The  e<iuilibrating  forcca^ 
would  work  upon  local  glaciers,    in  the  same  way  as  upon  a  genera' 
ice-cap. 


T/ie  Classification  of  the  Ungulate  Mammalin.    By  E.  D,  Cope, 

{Read  htfore  the  American  Philo8ophic<il  Society,  May  19,  18S2.) 

* 
In  the  present  essay  the  osseous  system  is  chieflj'  considered,  and  of  this, 

the  structure  of  th(i  feet  more  than  of  any  other  part  of  the  skeleton.  The 
ungulata  are  here  understood  to  be  the  hoofed  placental  Mammalia  whh 
enamel  covered  teetli,  as  distinguished  from  the  unguiculate  or  clawed, 
and  the  mutilate  or  Hipper  limbed,  and  the  edentate  or  enamellcss,  groups. 
The  exact  cireuniscription  and  definition  is  not  here  attempted,  though 
probably  the  brain  furnishes  an  additional  basis  of  it  in  the  absence  of  the 
crucial,  parietooccipital,  calcarine  fissures,  etc.  Suffice  it  to  say  that  It  is  on 
the  whole  a  rather  homogeneous  body  of  mammalia,  especially  distin- 
guished as  to  its  economy  by  the  absence  of  forms  accustomed  to  an 
insectivorous  aiul  carnivorous  diet,  and  embracing  the  great  majority  ot 
the  herbivorous*  types  of  the  world. 

The  internal  relations  of  this  vast  division  are  readily  determined  by 
reference  to  the  characters  of  the  teeth  and  feet,  as  well  as  other  less  im- 
portant points.  I  have  always  insisted  that  the  place  of  first  importance 
should  be  given  to  the  feet,  and  the  discovery  of  various  extinct  types  has 
justified  this  view.  Tlie  predominant  significance  of  this  part  of  the 
skeleton  was  first  appreciated  by  Owen,  who  defined  the  orders  I^risso- 
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daelyla  and  Artiod'tetj/ln.  Prorcssor  Oill*  lia^  also  need  these  characters  to 
a  largo  extent,  but  without  giving  them  the  exclusive  weight  that  appears 
to  me  to  bcloug  to  them.  Other  authors  have  cither  passed  tliem  by 
unnoticed,  or  liave  correlated  them  or  Bulwnliuated  them  to  other  chamc- 
aotcrs  in  a  way  wliicli  has  left  the  question  of  true  afflnity  nnil  llierefore  of 
phylogeny,  in  a  very  unsatisfactory  ciindilion.  Stucli  light  having  tieen 
thrown  on  these  points  by  recent  discoveries  in  paleontology,  the  resulis, 
as  they  appear  to  me,  are  here  given. 


Fio.  1. 


Fio.  1.— Left  anterior  root  of  £7rfpftaaa/Wcaiiiijt  (rmm  Do  BlaliivlllL-). 
Carpua. — It  is  well  known  thai  in  tlic  FtrinsodaetyUi  and  Arliadnrlglit, 
the  bones  of  the  two  rows  of  the  carpus  ultcrnnto  with  eaeli  ollifr  ;  tlint 
the  lunar  tor  instance  rests  on  the  unciform,  and  lo  a  varying  degree  on 
the  magnum,  and  that  the  scaphoidea  rests  on  (he  magnum  and  to  some 
degree  on  ttic  trapezoldes  and  trapezium,  It  is  also  known  that  in  the 
Probotciden,  another  state  of  aflairs  exists  ;  L  e.,  that  the  bones  of  the  two 
rows  do  not  alternate,  bnt  that  the  scapholdes.  lunar  and  cuneiform,  rest 
directly  on  the  trapezium  and  trajiezoides,  the  niagnuni,  and  the  unciform 
respectively.  The  preceding  characters  are  sumi'times  included  in  the 
deflnitinns  of  the  respective  orders.  Further  than  this  they  have  not  been 
used  in  a  systematic  sense. 

Pn>feHsor  Qill  says  of  the  carpnsof  the  Hyr'teoliUn,  "carpal  bones  in  two 
interlocking  rows;  cuneiform  extending  inwards  (anil  articulating  with 
masnum) ;  *  •  •  unciform  and  lunar  separated  by  the  interposition  of  the 
cuneiform  and  magnum."  Professor  Flowcrt  gives  a  figure  which  Justi- 
fies these  statements,  but  neither  the  one  nor  the  other  agree  with  my 

■Arntngement  ol  tbe  famllira  of  Itninmals  prepared  tor  the  amlthsonlHU 
Iiutltutlnn.    MIsoollaneoiiB  Colluatloni  ■£».    Nov..  VHi. 
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speciuiCDS.  In  the  iiuimis  of  a  JJyrax  eapeani-  (Irom  Verrc»iu:,  Puis —  V^ 
find  the  following  conilition  iiif  ilie  carpuB.  Tlio  bones  of  the  lwo»e  ** 
ftre  artictilalccl  conseciitivt-ly,  anil  not  alleniHtety ;  thej  do  not  inlerli^  **■ 
but  inasniiieli  as  tbe  iiingniiin  ia  a  lillle  narrower  tban  the  lunar,  the  Iw  -"*' 
is  jusi  in  contact  (anteriorly)  wiiU  the  trapezoldes  (centrale)  on  the  a^-  ow 
Mde,  ami  ihe  undform  on  tbe  oihcr.  My  Bpediiien  agrees  with  Cuvi^^  J"^ 
ligure  of  Jlyrax  riiiHimii  in  nil  rpsi|iecl8.    It  is  probable  tliat  Proftun—  i  s*"" 


of  Phen<Kodut  priuii 
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Flower  hiiR  figured  some  oilier  species  under  thai  name,  which  besides  it  "^ 
|icciiliur[tipx.  \a  of  sninller  sEze  lliiin  tlie  //  aipei'iit  (see  Fig.  3).  . 

lu  April,  18T5*  I  described  the  maims  of    Corypk/xton  (BatlimiHton)  ^~^ 
showing  thai  tlit'  lunar  was  supported  below  by  the  magnum  aod  by  partssi 
of  Ihe  unciform.   This  nirpus  lias  the  characlers  of  that  of  Ilj/rax  Mpennit.  ■^- 
wllb  Ihe    liust  named  iirliciilallon  more  extensive.    Thie  waa  the  fitst^^    _ 
description  of  ilic  rarpus  of  ilie  AvOilypoda.    In  February,  1876,+  Pro- 
fessor Marsli    described    Ilie   carpus   of    VinMlieHum   {Dinorefat),   and 
awerted   that    ilic   bones    "form    Inlcrlocking    series."      lie    however 
stales  that   "the  mngnmn    is    supported   by   Ilie   lunar   and    not   at  all 
by  the  ecnphoUi,"  a  state  of  things  wbidi  does  not  belong  lo  tbe  Inter- 
locking carpus.     The  irapezoidcs  does  not  join  the  lunar,  but  the  und- 
furni  does  so,  as  in  Coryplwlon.    Professor  Marsh's  figure  as  to  tbf  artlcu- 

■Systematic  Catalogue  of  Ihe  Tertebrala  of  the  l£oceneot  New  lle:(tco,  p.M 
(U.  S.  Geol.  8ur/ey  W.  ol  tooth  Mer,). 
I  Aiiier.  Journal  Scl.  Arts,  xl,  p.  IU7  :  pi.  tI.,  fls-  % 
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mot  Uw  iniigDnni  does  nut  ngree  wUli  liia  descripiiou.  aa  il  Rinkcs 

kkat  boBS  articiilato  with  Hie  acsplioiii.    Tlic  second  descriplion  ia  Uow- 

l, ondlheeanHisiBiilenlicalwilh  lliatnf  CurjpAorffln.     (Fig.  4.) 

In  U»B  AmrriMn  Saturalitl.  June.  1882, •  I  linvi>  shown  llinl  llw  tarpus 

if  rUe  Cond^htHhrri  is  C8si>nlinlly  like  Hint  of  llie  Ityrnenidtn.  (Fig.  1) 


i;  {troin  CuviM).  i 


the  oalcanciim  only.    In  llic  wrsus  Uien  there  are  four  typos  ol  a 


FiO.  8. 
Tia.  0.— FtwtcHor  loot  of  Corgphodan  (orlgliul). 


M3 


,  wilcli  are  typified  in  the  Condslnrlhra,  Uie  ProtonrJea,  the  AiuMy- 
I  and  the  Artioiliietgla  respoct'iTely.     (Fige.  5-ft.) 


cter*. — From  the  preceding  considerations  we  derive  Ihe  following 
itions  ot  llie  primary  divisions  of  the  Ungulalii,  which  should  he 
A  orders.  In  the  first  pUce  I  And  the  diversity  in  the  structure  of  the 
''^  10  be  greater  in  the  rclutiona  of  t\\c  niagnum  and  scaplioitles,  than 
'*^  relations  between  the  uncifonn  and  tiie  lunar.  In  oiber  words  the 
^zoides  and  magnum  are  more  variable  in  their proparlions  than  is  the 
'form.  This  is  directly  due  to  ihe  fact  that  Ihe  reduction  of  tlie  inner 
digits  i9  more  usual  than  Ihe  reduction  of  llie  external  two.  I  tbere- 
Ticw  the  relations  of  tlicse  bones  as  more  characteristic.  In  the  larsus 
really  variable  bone  is  the  cuboid.  It  is  by  its  extension  inwards 
lop.  AKEB.  PH11.O8.  soa  XX.  113.  3d.    ritisTKD  noteubbr  IT,  1883. 
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that  the  additional  facet  of  the  astragalus  is  produced.  Its  relations  i^^^^^  ^^ 
therefore  be  considered  rather  than  those  of  the  astragalus  in  framing  ^T"""  lie 
followin<i:  definitions  : 

Order  I.     Scaphoides  supported  by  trapezoides  and  not  by  magnu  "^m, 

which  supports  lunar.     Cuboid  articulating  proximally  with  calcanei ^-^Lm 

only Tcuefopoi ^?fl- 

Order  II.     Scaphoides  supported  by  trapezoides,  and  not  by  niagnu  -^ani, 

wliicli  supports  lunar.     Cuboid  extended  inwards  and  articulating  w  ^mJ\i 

the  distal  face  of  tlie  navicular Proboscid  ■-  'tf- 

Order  III.     Scaphoides  supported  by  traj)ezoidcs  and  not  by  magna  "■«. 

which  with  unciform,  supports  the  lunar.     Cuboid  extended  inwards  a ^d 

arlicuhuin J];  with  astmgalus Amblypot        ■  "^^ 

Order  IV.     Scaphoides  supported  by  magnum,  which  with  the  uncifo  "^nn 

also  supports  the  lunar.     Cuboid  extended  inwards  so  as  to  articulate  w        ~      ^th 
the  astragalus Diplarth —        "-^<'- 

The  sub-orders  are  defined  as  follows  : 

I.  TAXEOPODA. 

There  are  two,  perliaps  three  sub-orders  of  the  Taxeopoda;  the  Eyrac/nd  -""^-^^. 
tlie  CondyVirthra,  and  perhaps  the  Toxodontia,*  The  Toxodontia  are  ho-^^  ^^• 
ever  not  sufficiently  known  for  final  reference.f  The  sub-orders  are  c^^^J^' 
fined  as  foHows : 

A  post  glenoid  process  ;  no  fibular  facet  of  calcaneum,  but  an  intcrlocki  ^^S 

articulation  Ix^tween  fibula  and  astragalus;  ungual  phalanges  tru      ■*  *^' 

cate Hyracoid^^^^  ^^ 

A  postgh-noid  process  ;  no  fibular  facets  on  either  calcaneum  or  astragali~=^*^  ' 

a  third  trochanter  of  tlie  femur  ;  ungual  phalanges  acuminate 

Condylarth^^^^ ' 

Th(M(*  an.' a  i^ood  many  other  subordinate  chamctcrs  which  distingiim.    :==*■' 

the  Co)uhfnrthr<f,  which  will  be  given  in  my  forthcoming  volume  iv         *^^ 

the  Haydon  Survey,  on  the  Tertiary  Vertebrata  of  Western  America. 

II.  PROBOSCIDEA. 

There  may  be*  two  sub-orders  of  this  order,  the   Prohoscidca  and  t    '■»*^ 
Toxodonti'i.     I  do  not  know  the  Carpus  of  Toxodon,  but  if  it  does  not  diC^^*^'" 
more  from  that  of  the  elephants  than  the  tarsus  does;  it  is  not  entitl   -^^ 
to  subordinal  distinction  from  the  Proboscidea.     The  sub-onler  of  F^^^' 
boscidvn  is  defined  as  follows  : 

A  fibular  articulation  of  the  calcaneum  ;  no  postglenoid  process  ;  no  thl  "^^ 
trochanter  of  femur Prohoicid^  ^*' 

»Soo  my  n'jujirks  on  Toxodon,  Proceedings  Amor.  Philosoph.  Society,  l^'*^^  ' 
p.  402. 

t  Th«  coiisiih-niblc  roscuiiljlaiice  between  the  dentition  of  Toxodon  and  Hirf*""^^ 
must  not  be  overlooked. 
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m.  AMBLYPODA. 

TTie  sub-orders  of  this  order,  as  I  pointed  out  in  1873,  are  two,  defined 
s    f^ollows : 
x»  i:>crior  incisor  teeth  ;  no  ali-splicnoid  canal ;  a  third  trochanter  of  femur  ; 

Piintodonta. 
superior  incisors,  nor  alisphenoid  canal,  nor  third  trochanter  of  femur  ; 

Din  oce  rata. 
lie  difference  between  the  Prohoscidea  and  the  Amhlypoda  consists 
<^li  ic^fly  in  that  the  navicular  of  the  latter  is  shortened  externally  so  as  to 
I><?i**iiit  the  cuboid  to  articulate  with  the  astnigjxlus.  The  cuboid  has  the 
snxtT^cfonn  in  both.  The  peculiar  character  of  the  navicular  gives  the 
list  1-s.igalus  a  different  form.  * 

IV.  DIPLARTIIRA. 

T'liis  order  is  called  by  some  authors  the;  Un!j;ulata,  but  that  name  is  also 
**^<^cT  in  the  lar«rer  scfuse  in  whicli  it^is  here  employed.  This  appears  to  be 
Its  1  ogitimate  applic4ition,  as  the  name  should,  if  possible,  be  used  for  hoofed 
^^'^xiimalia  in  general,  as  its  meaning  implies.  Tlie  two  well  known  sub- 
**^^^CMs  are  the  following  : 
'^^^t  i-jigtiUis  truncate  distally  ;  number  of  toes  odd,  the  median  one  the 

largest , Perinxodacti/la . 

*^**t.rngjilus  with  a  distal  ginglymus  ;  number  of  toes  even,  the  median  two 
largest Artiodactyla. 

^^^ylogcny. — The  serial  arrangement  of  tlu^  l)one8  of  the  carptis  an<l 

^*irsuft  seen  in  the   Taxeopoda,  is  probably  the  primitive  one,  and  we  may 

^^pect  numerous  accessions  to  that  order  on  further  exploration  of  the  early 

*^ocene  epoclis.     The  modification  seen  in  the   more   modern   orders  of 

^^ r£ssodarf.i/it  and  Artitfdarff/la,  may  be  regarded  as  a  rotation  to  the  inn«M- 

'*^<'1«*,    of  the  bone-*  of  the  second  carpal  row,  on  those  of  the  first.     This 

'■'Station  is  probably  nearly  coincident  with  the  lo^s  of  the  poUcx.  as  it 

tlirows  the  weight  one   digit  outwards,  that  is  on   the  third  and  fourth 

^*irits,  rendcrinir  the  first  functionally  useless  to  a  foot  (•»)nstmcted  solely 

»*>r   sustaining  a  weight  in  motion.     The  alternation  of  the  two  rows  of 

^^rpals  clearly  gives  greater  strength  to  the  foot  than  their  serial  nrrange- 

|^"^^*nt,  and  this  may  probably  uecount  for  the  survival  of  the  type  possess- 

'^K  it,  and  the  extinction  ot  nearly  all  the  species  of  the  typj'  whieh  does 

^^t    possess  it.     Here   is  applied  again   the  principle*   first  observed   by 

*^«>'^'ftlevsky  in  the  proximal  metapcMllal  articulations.     This  author  shows 

^Uui  i]^f,  tyiKSsin  >vhich  the  metapodials  articulate  with  two  carpal  or  tarsal 

*^*ie.S  have  survived,  while  those  in  which  the  articulation  is  made  with 

^  single  carpal  or  tarsal  have  become  extinct.     The  double  articulation  is, 

'^t  Course,  mechanically  the  more  secure  against  dislocation  or  fracture. 

A.8  regards  the  inner  part  of  the  nianus  I  know  of  no  genus   which 
P^^ftentB  a  type  of  carpus  intermediate  between  that  of  the  Taxeopodii  and 
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Amhlypoda  un  the  one  hand,  and  the  PsrUsodaciyla  and  ArUodactyla 
ihc  other.  Such  will  however  probably  be  discovered.  But  the  earli 
PerinHodaHyla,  xxa  for  instance  Jlyracotherium,  Hyrachyu8  and  TripUp 
possess  the  carpus  of  the  later  forms.  Rhuioeerus  and  Tapirus.  The  oi 
Amblypodii  occupies  an  interesting  position  between  the  two  groups, 
while  it  has  the  carpus  of  the  primitive  type,  it  has  the  tarsus  of  the  la 
onlers.  The  bones  of  the  tarsus  alternate,  thus  showing  a  decided  advai 
on  the  Tuxeopoda,  This  order  is  then  less  primitive  than  the  latt 
although  in  the  form  of  its  astragalus  it  no  doubt  retains  some  priniil 
peculiariti(*s  which  none  of  the  known  Taxeapoda  possess.  I  refer  to 
absence  of  trochlea,  a  character  which  will  yet  be  discovereil  in  the  Tui 
podn,  I  have  no  doubt. 

The  Taxeopoda  approach  remarkably  near  the  Bunoihcria,  and  ^  ^^^ 
unguiculate  and  ungulate  orders  are  brought  into  the  closest  approxlEKn^^' 
tion  in  these  representatives.  In  fact  I  know  of  nothing  to  distinguish  »"  the 
Gondylnrthra  from  the  Meaodonta,  but  the  ungulate  and  unguicul-  *^* 
chanicters  of  the  1  wo  divisions.  In  tlie  Creodonta  this  distinction  is  reduc:::^^^ 
to  very  small  proportions,  since  the  claws  of  Mesonyx  are  almost  hocc:^=^[^* 
Some  of  the  genera  of  the  Ptriptychidm  present  resemblances  to 
Creodonta  in  their  dentition  also. 

The  facts  already  adduced  Uirow  much  light  on  the  genealogy  of 
Ungulate  Mammalia.     The  entire  series  has  not  yet  been  discovered, 
we  can  with  great  probability  supply  the  missing  links.  In  1874  I  pointe- 
out  the  existence  of  a  yet  undiscovered  type  of  Ungulata,  which  was 
cestral  to  the  Amhlypoda,  Proboscidca,  PerU»odactyla  and  ArUodactyla, 
dicating  it  by  a  star  only  in  a  genealogical  table.     Thife  form  was  discc^^-^-^^' 
ered  in  l^Hl.  seven  years  later,  in  the  Condylarthra.    It  was  not  until  late=  "3»*r 
that  I  as>unied  that  the  Diplarthra  arc  descendants  of  the  Amblypod^J^      ' 
althougli  not  of  ('ither  ot  the  known  orders,  but  of  a  theoretical  divisi(^     ^^ 
with  buuodont  tecfth.J    That  such  a  group  has  existed  is  rendered  e  '^^""', 
tremely  pro1»a])le  in  view  of  the  existence  of  the  bunodont  Proboscidea  ulj^^'^' 
Condylarthro .     That  the  Tanopoda  was  the  ancestor  of  this  hj'pothetic:"^^^^^-^^ 
group  as  well  a>^  <>f  the  Prohoacide^,  is  extremely  probable.     But  he     "^^^ 
again  neither  of  the  sub-orders  of  this  group  represent  cxactlj'  the  ance^^— ^*^^ 
tors  of  tlie  known  Amhlypoda,  which  have  an  especially  primitive  !orr       ^y 
of  the  astragalus  not  found  in  the  former.     In  the  absence  of  an  ankl"  ^    , 
joint,  the  Amhiyjnnfa  are  more  primitive  than  any  other  division  of  tlC-^  ^  , 
Ungulata,  and  their  ancestors  are  not  likely  to  have  been  more  spccialize*':^=^  ^  , 
than  they.     Ii  is  j^robable  that  a  third  sub-order  of  Taxeopoda  has  existc*'-^  ' 
which  had  no  trochlea  of  the  astragalus,  which  I  call  provisionally  hj  i\\^  * 
name  of  IHotyarthra. 

*  Ilomolojries  and   origin  of  Teeth,  etc.,   Journal    Academy  Nat.   Sdenc^^— ^^ 
rhllada.,  1S71,  p.  20. 

t  i:ei>ort  V.  S.  Geol.  r?urvey  W.  of  100th  Mer.,  p.  28*2, 1877. 

\  This  hyi>othetical  bub-ordcr  is  called  in  the  appended  scheme,  Amblypodt^^^ 
Hyodonta, 
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The  preceding  paragraphs  were  written  in  May  of  the  present  year.  On 
my  return  home,  September  Ist,  after  an  absence  of  three  months,  I  find 
that  various  parts  of  the  skeleton  of  P&riptychus*  have  reached  my  mu- 
seum. On  examination,  I  find  that  the  astragalus  of  tliat  genus  fulfils  the 
anticipation  above  expressed.  It  is  without  trochlea,  and  nearly  resembles 
that  of  Elephas,  As  it  agrees  nearly  with  that  of  Phenacodvs  in  other  re- 
spects I  only  separate  it  as  a  family  from  the  Pheiia^odonttda.  One  other 
type  remains  to  be  discovered  which  shall  connect  the  PeriptychUloB  and 
the  hypothetical  Hyodonta,  and  that  is  a  Taxeopod  without  a  head  to  the 
astragalus, — unless,  indeed,  the  '*  Hyodonta**  should  prove  to  have  such  a 
head.  I  think  the  latter  the  less  probable  hypothesis,  and  hence  retain 
the  term  Flatyarthra  for  the  hypothetical  Taxeopod  without  trochlea  or 
head  of  the  astragalus. 

These  relations  may  be  rendered  clearer  l)y  the  following  diagram  : 

Taxeopod.\. 
Condylarthra.  Platyartlmi.tt 

/ 

Hyracoidea. 

Proboscidka.  Amblytoda. 


I  lyodonta.ft     Pantodonta. 

I 
j  Dinocerata. 

DllM.AUTimA. 

/    \ 

Perissodactyla.        Artioductyhi. 


Third  contribution  to  tlis  History  of  the  Vertehrata  of  the  Permia n  forinntion 

of  Texas.    By  E.  D.  Cope. 

{Read  before  the  American  Philosophical  Society,  September  lo,  issj.) 

Since  the  publication  of  my  second  contribution  to  this  subject,  J  1  have 
descril>ed  four  additional  species.  These  are,  in  Bulletin  of  the  U.  S. 
Geological  Survey  of  the  Territories  ;§  Pintylus  rordatus  and  Dimetrodon 
semiradieaius ;  in  the  American  Naturalist,  ||  Kryops  retieukttus  and  Za- 

*  See  American  Naturalist,  October,  1882 
tt  HyiMthetlcal. 

{Paleontological  Bulletin,  No.  :{2,  Proceedings  .Vmerican  PhllOHophicul  so- 
ciety, 1880;  the  plates,  1881. 
I  Vol.  vl,  1881,  p.  79. 
1 1881,  p.  1090. 
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iraehjfB  apiedHt.  The  last  two  wjere  not  included  in  mj  catologoe  ot  llw 
Permian  Vertebrata  published  previously*  in  the  same  year.  Tlie  pmnt 
paper  adds  some  important  points  to  this  remarkable  feuna,  and  expUn 
the  hitherto  obscure  relations  of  several  genera. 

DIADECTID^. 

The  pelvis  and  sacrum  of  a  species  of  this  group  are  preserved  in  017 
collection,  and  they  indicate  Airther  peculiarities  of  this  groups 

The  sacrum  consists  of  two  vertebne  only,  and  is  thoroaghly  united 
with  the  pelvis  by  its  transverse  processes.  The  latter  aredecurvedon 
the  inner  side  of  the  iliac  bones,  and  the  sutures  which  dlstingnidi  dm 
from  the  latter  and  from  each  other,  are  not  serrate.  The  inferior  aidiii 
robust,  but  very  narrow  anteroposteriorly.  The  acetabulum  is  entire  in 
every  respect,  so  that  it  Is  probable  that  both  pubis  and  ischium  aie  onitod 
undistinguishably  in  the  arch.  The  pubis  is  perfoiutod  by  the  nsosl  is- 
ternal  femoral  foramen.  The  posterior  edge  is  grooved*  and  It  mi|^  be 
suspected  that  this  marks  the  articulation  of  an  ischium.  Tlie  tntoior 
edge  is  however  grooved  in  the  same  way,  so  tliat  the  appearance  Is  rMher 
the  position  of  muscular  insertion.  Tlie  spines  of  the  sacral  vertebrB  sn 
distinct,  and  have  the  usual  form  seen  in  Diadeetei. 

The  two  sacral  vertel)ne  and  the  absence  of  obturator  forunen,  sie 
characters  of  the  suborder  Pelyeosauria  in  which  the  latter  diffen  (torn 
the  Dicynodontiii,  I  am  still  inclined  to  question  whether  the  eztraovfi* 
nary  cliardcters  of  llie  cranio- vertebral  articulation  I  have  described,  ]«■ 
tify  the  separation  of  ihe  Bii'tIn'fi(f(P  as  a  tliird  sub-order  of  the  Theromftr- 
■pha,  which  T  have  called  the  (Jotylo8auria,\  or  whether  they  are  not  due 
to  the  loss  of  a  loosely  articulated  basioccipital  boue. 

EDAPHOSAURUS  Cope,  genus  novum. 

Apparently  allied  to  Ptintylus,  Temporal  fossne  notoverroofed;suTfM?esof 
cranial  bones  not  scul[)lured.  Mandibular  and  maxillary  teeth  subeqaal 
Posterior  half  of  the  niandibidar  ramus  cxjianded  inwards  and  supporting 
numerous  (rlosoly  arrani^ed  teeth.  Pleryi^oid,  or  perhaps  an  internal  ex- 
]>ansion  of  the  mular  bone^^,  supporting  a  dense  body  of  teeth,  correspond- 
ing to  tho^e  of  the  lower  jaw.     Teeth  subconical. 

TI113  single  sp'cles  of  this  gimiis  in  my  p:)s-<ession  shows  the  following 
chiracters  of  svrstemiilic  iinp)rtance.  An  arch  extends  from  Ihe  p:iriel*l 
plane  p  wteri  )ily  and  downwards  to  the  external  bise  of  the  qindrate. 
The  specimin  is  not  yet  in  a  c;>;i  lition  to  s'low  how  mnh  of  this  \<  pirie- 
tal.  and  h:)w  miifb  s  iuam')sal  or  opisihotic.  The  proximal  half  of  tb« 
posterior  pirt  o{  this  an^Ii  is  a  distinct  eleiujnt,  perhip?  a  transverse  pro- 
cess (»f  til;;  sup'.MO  ,'c:p:tal.  A  (THtiiicl  eleiuiiit  connects  Ihe  b isioccipiial 
on  (.'ach  sidn  with  the  qiiidr.ite.     The  articular  extremity  of  the  lallcrius 

*Ain«'rican  XutuniUNt  Vvh..  1S81. 
t  Amcrlcaii  NaturalUt,  ibSJ,  p.  o04. 
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a  deep  anteroposterior  concave  eniargination.  There  is  a  flat  bone  ex- 
tending from  it  anteriorly  which  is  apparently  pterygoid  rather  than 
quadratojngal.  The  tooth  bearing  portion  terminates  opposite  the  middle 
of  the  basisphenoid. 

The  occipital  condyle  is  undivided,  and  thi;  l>:isisphenoid  presents  the 
usual  two  divaricating  protuberances  to  tlic  basioccipital. 

Edaphosaurus  pogoxiah,  sp.  nov. 

Represented  by  the  followsng  portions  of  a  skull ;  basis  cranii  witli  por- 
tion posterior  to  the  middle  of  the  parietal  bone  ;  left  maxillary  with  dental 
plate,  left  mandibular  nunus  entire;  various  flat  bones  undetermined. 
There  is  also  a  body  which  may  be  tin*  atlas  with  its  arch  somewhat  dislo- 
cated. These  pieces  arc  in  p:irt  covered  with  a  thin  layer  of  the  red  deposit 
of  the  Permian  bed  in  whicli  they  occur. 

The  facial  plate  of  the  08  maxilhire.  Is  subvertical,  so  tha^  the  orbit  is 
lateral.     The  latter  is  rather  small.     The  malar  bono  is  narrow,  and  is 
continuous  witli  the  dentigorous  bone  of  tlie  palate.     The  latter  has  a 
thickened  posterior  edge,  which  commences  below  the  anterior  part  of  the 
orbit,  and  extends  posteriorly  to  the  middle  of  the  basisphenoid.     Thenee 
the  border  turn^  forwards.     Its  anterior  ed?o  is  below  the  anterior  border 
of  the  orbit,  and  the  general  form  is  a  longitudinal  oval.     The  maxillary 
teetli  are  somewhat  weathered  and  obscured  bv  a  thin  laver  of  matrix. 
The  posterior  ones  an?  compressed-conic ;  the  ])romaxillaries  are  four  in 
nun(^ber  on  one  side,  and  are  more  nearly  conic,  and  have  incurved  apices. 
The  median  i)remaxillary  suture  is,  however,  not  clearly  defined,  so  that 
the  number  of  premaxillaries  remains  uncertain.     The  centre  of  the  prob- 
able nostril  measures  one-third  the  distance  from  the  premaxillary  bordiT 
to  the  anterior  edge  of  the  orbit.    Tiiere  are  (nght  rows  of  (?)  pterygoid 
teeth  at  the  posterior  fourth  of  the  series.     The  teeth  are  subequal  and 
obtuse,  increasing  a  little  anteriorly. 

The  mandibular  ramus  is  robust,  and  the  external  face  slopes  inwardly 
and  downwards.     The  external  border  rises  a  little  above  a  few  of  the 
posterior  teeth,  but  it  is  injured  at  the  posterior  of  the  coronoid  process,  so 
that  its  existence  cannot  b(^  ascertained.     The  border  then  descends  and 
turns  inwards  to  the  articulation,  which  is  ctmdvloid  at  its  internal  extrem- 
ity.  The  inferior  edge  of  the  anterior  part  of  the  ramus  becomes  a  median 
ritlge  below  the  condyloid  region,  and  terminates  in  a  short,  compressed 
angular  process.     The  symi)hysis  is  not  coossified,  and  is  convex  down- 
wards and  forwards.     The  inferior  part  is  subhorizontal,  and  forms  the 
edge  of  a  transverse  plate  which  is  se])iraled  from  the  verticil  p:irt  of  the 
ramus  by  a  deep  groove.    The  inner  vertical  face  of  the  ramus  is  stnmgly 
convex,  as  is  the  corresponding  edge  of  the  symphyseal   suture.     The 
apices  of  the  teeth  are  worn,  but  they  were  probably  conic,  the  posterior 
gnulually  smaller  and  more  obtuse.     The  interior  face  ot  j)acked  teeth 
begins  at  the  posterior  two-fifths  of  the  external  scries,  and  expands  in- 
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wards  posteriorly.    It  contains  six  longitudinal  rows  opposite  the  ante- 
penultimate  dontary  tooth. 

All  the  bony  surfaces  are  smootli. 

MeaBuremcntfi.  M. 

Lcncrth  of  mandibular  mmus  (straight) 162 

"  symphysis  of  do.  (straight) 038 

**  external  dental  series 077 

Width  of  ramus  at  dental  pavement 040 

skull  at  ends  of  00.  quadrata 138 

extremity  of  O.  quadratum 034 

occipital  condyle 018 

Leui^th  of  superior  dental  pavement 065 

Width  of  basisphenoid  posteriorly 029 

The  supposed  axis  vertebra  is  longer  than  wide,  and  the  centrum  i^ 
(IcL'ply  excavated  posteriorly.  Anteriorly  it  appears  to  have  lost  a  piecf— 
the  c(Mitrum  of  the  alias,  which,  while  fitting  it  closely,  was  not  co-ossified 
with  it.  There  is  a  flat  horizontal  convex  ala  in  the  place  of  a  diapophysii* 
and  an  obtuse  median  hypapophysial  angle.  The  neural  spine  is  compressed, 
exc«'pt  postc^riorly,  where  it  is  transversely  expanded,  terminating  above 
in  a  short  obtusely  accuminate  apex.  From  this  apex  an  obtuse  rib  passe 
down  the  median  line,  and  di><appears  above  the  neiiral  arch,  where  the 
spine  is  somewhat  narrower.  The  postzygapophyses  are  well  developed 
:in<l  look  downward. 

MttiAifiu  luentx  of  a. via.  M. 

licnirtli  of  rciilniin  Ix-low 0*2'^ 

Witlili.  in<]u(Hn;r  diapophy^es <»:•.'» 

F^lcvaijoii  of  >j>iiK*  from  po<t7.y.!X!ipophysis <i:^»?!' 

Width  of  do.,  posteriorly «V20 

Ii> //I'/r/.s. — Tlii>i  int<'rf>tin2:  form  i<  probably  allied  to  /*i//i/y^v.v  «b:iii 
r  liavo  hlih«*rto  r('[ranl('(l  a- a  Hatrachiaii.  Thotwo  ironem  may  hf  j-b"'- 
in  a  special  family  of  I  ho  Pclycrxauria,  to  bo  called  the  AWf//-//"-'"/''''' 
Tliis  family  will  he  (listinjruished  from  the  f'hpuf/dropiihr  by  the  pr'^''^-' 
of  more  than  oik-  serie^^  of  teeth  on  parts  of  the  jaws.  It  is  j>o-«il'lt.''Iii' 
If,hnJ,rf,s  must  he  j-jlaeed  in  it. 

EC'TOOYNODON  Copo. 

Pah'oninh).j:ieal  I>iilh'tin  Xo.  'JD,  p.  508. 

A  <peeie<  now  before  m(;  re-^embles  in  generic  characters  thety|>ooftl;i* 
L^enus.  K.  oi'ilndt'is.  That  specie^  was  doseribed  as  having  the  ('■i^n- 
tooth  near  the  miiMh'  of  the  maxillary  bone,  while  in  the  presi-nt  onoit"' 
near  the  anterior  part  nt'it,  a-^in  some  other  genera.  In  the  typical  i^po-i'"^ 
a<  in  the  >pr(ie«^  to  be  (b'-crihed,  the  cnminl  bones  are  s(*ulpture<l.  an''.*'-'' 
temporal  fo-.s;e  are  o\erroofed.  The  sculptured  surface  as  well  a»  tn-' 
eaniTie  leeth  di'^tin^lli^^h  Ki'fo>')//,inIon  from  Piin'oticfois  Cope  and  P^^'" 
i.tp'/'H,  Owen,  which  genera  are  otherwise  related. 
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ICTOCYNODON  AOUTI.    Bp.  nOV. 

'his  reptile  is  much  larger  than  the  Pnriotiehus  brachyops,  and  the  ante- 
*  part  of  the  cranium  hti»  a  different  form.  The  general  shape  of  the 
d  is  much  like  that  of  a  rodent  mammal  of  the  genus  DMyprocia.  It 
itlier  wide  at  the  temi)onil  regions,  fiat  above,  and  narrowed  and  com- 
ssed  anterior  to  the  orbits.  The  muzzle  is  narrowed  and  obtuse,  and 
nostrils  arc  terminal,  and  are  lateral  and  a  little  anterior  in  direction. 
3  maxillary  alveolar  edge  is  nearly  straight,  but  the  premaxillary  edge, 
•inning  below  the  posterior  border  of  the  nares,  descends  forward  at 
angle  of  45^.  Viewed  from  the  front,  the  premaxillary  border  is  a 
oon,  strongly  convex  downwards,  and  below  the  anterior  part  of  the 
tril.  The  suture  separating  the  premaxillaries  is  distinct.  The  orbits 
of  moderate  size,  as  in  an  aguti,  and  invade  the  superior  frontal  plane 
i  slight  degree.  The  frontoparietal  fontanelle  is  rather  large, 
lie  mandible  is  robust,  and  presents  a  short  angle.  It  closes  up  behind 
premaxillary  lobate  edge.  Its  teeth  are  concealed  in  the  specimen. 
3  maxillary  teeth  increase  rapidly  in  size  forwards.  Tlie  premaxillaries 
iroence  smaller  next  the  maxillaries,  and  increase  in  size  to  the  first, 
ich  is  a  little  larger  than  the  anterior  maxillar}'.  The  crowns  are 
ithered  away.  The  sculpture  on  the  maxillary  and  malar  bones  con- 
3  of  closely  placed  shallow  fossee.  On  the  i>osterior  part  of  the  frontals 
re  are  strong  ridges  radiating  posteriorly,  and  situated  close  together. 

Meanurements.  M. 

Length  of  skull  to  end  of  angle  of  Iowit  jaw 090 

"  "  frontoparietal  fontanelle 05C 

orbit,  above 026 

**  ramus  mandibuli 083 

Depth  of  skull  at  orbit 038 

ramus    "       019 

Width  of  skull  posteriorly 068 

"    between  orbits 017 

* '  "    between  external  nares OlOo 

Diameter  of  first  premaxillary  tooth 003 

'  *  second  maxillary  tooth 003 

Six  fossa;  of  the  malar  bone 005 

Seven  grooves  of  the  frontal  bone 005 

'his  species  is  mucli  larger  than  the  Eclocyttodon  ordinatus  Cope,  and 
c;iniue  tooth  has  a  more  anterior  position, 
discovered  bv  AV.  F.  Cummins. 

DIPLOCAULUS  Cope. 

*aleontoloj,ncal  Bulletin  No.  2(5,  p.  187,  Nov.  2l8t,  1877.     Proceedings 
lerican  Philos.  Society.  1877,  p.  187. 

^his  genus  was  characterized  by  me  at  the  places  cited,  as  follows: 
'ertebral  centra  elongate,  contracted  medially,  and  perforated  by  the 

KOC.  AMER.  FHIL08.  80C.  XX.  112.  8e.      PRINTED  NOVEHBEB  17,  1882. 
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fonimen  chordae  dorsal  is,  coossifled  with  the  neural  arch,  and  supporting   . 
transverse  processes.    Two  rib  articiiUitions,  one  below  the  other,  gen- 
erally both  at  the  extremities  of  pn)ce8ses,  but  the  inferior  sometimes 
sessile.     No  neural  spine  nor  diapophysis  ;  the  zygapophysis  normal  and 
well  developed." 

This  diagnosis  was  derived  from  the  vertebnu  of  a  single  species  from 
the  C-lepsydrops  shale  of  Illinois,  the  D.  salamatidroideSt  and  since  tliai 
dcscrii)ti(m  was  written,  no  additional  specimens  have  come  under  my  ob- 
servation. In  the  Catalogue  of  the  Vertel)rata  of  the  Permian  I  placed  the 
genus  as  the  type  of  a  family,  the  Diplocaulid^t,  among  the  Pelycosaurij*. 
T  am  now,  however,  through  the  energy  of  Mr.  W.  F.  Cummins,  inpo*- 
session  of  sptjoimens  of  a  number  of  individuals  of  a  second  species  ^^t 
Diplorttulus,  found  by  him  in  the  Pennian  beds  of  Texas.  From  tlii:uil 
derive  that  tlie  genus  and  family  must  be  referred  to  the  Stegocephalous 
Bainu'hia.  It  is,  however,  exceptional  among  these  in  the  fauna  of  whicli 
it  is  a  member,  in  not  belonging  either  to  the  Rhachitomi*  or  to  the  E^^" 
bolomeni,  sincii  the  vertebral  centra  are  not  segmented,  nor  are  the  inter- 
centra  present  in  any  form.  Under  these  definitions  it  must  be  referrct^^® 
tlie  suborder  which  includes  OeBtocephalm,  CeraUrpeton,  etc.,  forwhicli^ 
have  adopted  Dawson's  name  Microsauria.  The  division  includes  genc^ 
with  simplo  amphico'lous  vertebral  centra,  and  teeth  without  inflecti*^^^ 
of  the  dentine.     The  following  characters  must  bo  added  to  DipWauUt"'- 

Vertebne.  with  a  more  or  less  perfect  zygosphen  articulation  ;  cen*^ 
shorter  in  the  anterior  th»n  in  the  median  part  of  the  column  ;  axis  i*^" 
atlas  solidly  united  by  a  long  zygosphen,  which  is  not  roofed  over  by  t  ^^ 
zvirantrum.      Neural  nrcli    continued  as  a  short  tube  into  the    fomn"*'''^ 
niJignum.    Atlas  unsegmenled,  and,  like  the  axis,  without  freehypai>o[>^*J^' 
sis.     (\Mvii::il    verl(!br;u  not  distinguished  from   dorsals,   and  with  t'*''^'^^' 
headed  ribs. 

Orbit  separated  from  the  maxillary  bone  by  the  union  of  the  lachri't*-'^* 
and  malar.   Either  the  malar,  or  more  probably  the  quadratojugal,  extcx^*^* 
mucli  posterior  to  the  (piadnite  bone.     It  is  bounded  above  by  the  sq  "i-^^* 
mosal,  whieh  ext(^nd>;  anteriorly  to  the  distinct  postfrontal,  thus  coveri    ^= 
over  the  temporal  Ib-^sa.     Posi(?riorly  it  extends  into  a  long,  free  prociT"  ^*' 
like  the  opi;reulnin  of  l^olt/odo/t  ossilied.     This  horn  does  not  appear 
consist  of  the  epioiie  as  appears  to  be  the   case  in   CtraUvptcon.     XZ 
(piadrate  bone  is  extenib^l  very  oblifpiely  forwards  and  its   extremitv**^ 
divided  into  an  hoiirirlass-shaped  condvle.     In  other  words  the  cond_^^— - 
consists  of  two  cones  wiili  a])iees  continuous.     The  internal  cone  is  ""^^ 
smaller,  and  its  base  is  overlapped  from  before  by  a  flat  bone,  pnd>al)ly  ^^^ 
l>terygoid.     TIk^  eoiyli  of  the  mandible  correspond.     Mandible  wilhc^^^^ 
anirle  ;  svmpliv^is  short. 

The  teeth  are  of  about  equal  size,  and  are  rather  slender  and  with  coni< 
apex.     Their  surface  is  not  inllected  at  any  j)oint.     The  superior  series 

*  American  Xuturalist,  1SS2,  p.  33 L 
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hie,  forming  two  lines  between  which  tlie  mandibular  teeth  close.  This 
erior  series  stands  near  the  external  edge  of  the  vomer,  palatine  and 
•ygoid  bones  successively.  I  \mvB  not  been  able  to  find  any  larger 
h  in  the  jaws  in  this  genus.  Some  fragments  mingled  with  those  here 
?ribed,  display  such  teeth,  but  I  think  they  pertain  to  a  species  of 
ther  genus.     I  know  nothing  of  the  limbs  of  this  genus. 

)lPLOCAULUS  MAONICORNIS,  Sp.  nOV. 

^he  species  is  indicated  by  fragments  of  a  number  of  crania,  and  iK)r- 
18  of  several  vertebral  columns.  These  were  collected  at  two  difterent 
alities  bv  Mr.  W.  F.  Cummins. 

The  skull  is  very  peculiar  in  the  great  extent  of  the  parts  posterior  to 

orbits  as  compared  with  the  portion  anterior  to  them.     The  posterior 

der  not  being  complete,  the  projwrtions  cannot  be  exactly  given,  but 

part  anterior  to  the  orbits  is  two-thirds  the  length  of  the  part  extend- 

from  their  posterior  border  to  near  the  base  of  the  lateral  horn,  and 

-fifth  the  distance  from  the  orbit  to  tlfe  extremity  of  the  horn.     The 

t  of  the  border  of  the  orbit  preserv(»d  indicates  that  the  latter  is  of  fair 

It  is  separated  from  the  maxillary  border  by  at  least  its  own  diame- 

The  external  nares  are  peculiarly  situated.     They  are  nearer  the 

it  than  the  end  of  the  muzzle,  and  are  close  to  the  maxillary  ])order, 

ip  separated  from  the  mouth  by  a  narrow  strip  of  bone  only.     They 

round,  open  nearly  laterally,  and  are  removed  from  the  edge  of  the 

its  by  the  diameter  of  the  latter. 

fhe  malar  or  quadratnjugal  bone  is  protuberant  at  the  canthus  oris  and 
>jects  latenilly  beyond  the  mandible  at  its  posterior  part.  It  also  pro- 
mts beyond  the  extremity  of  the  quadnite  bone.  This  border  is  continued 
thai  of  the  external  base  of  the  horn,  but  the  portion  which  belongs  to 
is  element  is  soon  distinguished  from  the  superior  element  (s(iuamosal) 
liich  composes  the  horn,  by  a  groove.  This  groove  is  decurved,  and 
^Unds  the  apex  of  the  element,  which  is  a  decurved,  low  tuberosity. 
»ehorn  is  produced  backwards  in  a  horizontal  plane,  forming  a  long  flat 
iangle  which  contracts  gmdually  with  straight  sides.  The  apex  is  nar- 
ked, obtuse,  and  a  little  incurved.  Near  and  at  the  extremity  the  horn 
flatal)ove  and  convex  below. 

The  r^hLdibular  quadrate  cotylus  consists  of  two  fossop,  which  together 
*inan  jriiproximate  figure  x  ,  of  which  the  internal  fossa  is  the  smaller, 
*1  opens  internally.  Tlie  external  one  is  nearly  transverse.  The  supe- 
r  border  of  the  ramus  posteriorly  is  stniight.  The  greater  part  of  the 
[^erior  aspect  is  occu]»ied  by  a  huge  fossa  which  opens  upwards, 
'l  is  uncertain  wliether  the  horns  meet  at  an  entering  angle  on  the 
'Ulle  line  posteri<jriy  or  not,  but  the  width  of  the  base  of  the  horn  indi- 
c-s  that  such  is  the  case.  The  extremity  of  the  muzzle  is  depressed,  and 
->roa<nv  rounded. 

r'iie  external  surface  of  the  skull  is  sculptured  in  the  form  of  fossae  so 
tributcd  that  the  narrow  ridges  sepaiating  them  do  not  form  stmight 
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lines,  except  in  a  few  places  on  the  8a{>erior  face  of  the  horn.   This  scolp- 
ture  is  strongly  impressed,  and  is  of  medium  coarseness.    It  extends  on 
the  inferior  face  of  the  quadratojugal  (?)  posterior  to  the  quadrate,  and  oft 
the  inferior  side  of  tiie  horn  at  the  edges.    It  is  most  extended  hclow  from 
the  interior  edge,  and  for  the  terminal  inch  of  the  horn,  is  as  well  marked  ft& 
on  the  superior  face.     Elsewhere  the  sculpture  of  the  inferior  side  passes 
into  punctflB  before  disappearing.    A  groove  marks  the  superior  boundary 
of  the  maxillary  bone,  which  divides  when  it  reaches  the  superior  surface. 
One  branch  descends  behind  the  nostril,  the  other  passes  transversely 
across  the  lachrymal  bone  and  shallows  out  before  reaching  the  midil* 
line  of  the  muzzle.    The  mandible  is  even  rougher  than  the  superior  sa  r 
faces,  and  has  a  longitudinal  groove  below  the  dental  line,  to  neartla«- 
symphysis,  where  it  runs  out  on  the  alveolar  edge.    The  internal  and  ex- 
ternal sides  of  the  mandible  posteriorly,  are  smooth.     On  the  malar  an  *1 
other  facial  bones  there  are  four  fossa?  in  9  or  10  mm. 

The  atlas  is  peculiarly  flattened  above,  the  neural  arch  being  a  tut>e, 
without  neural  spine.     Its  anterior  tubular  prolongation  is  not  long,  and 
is  deeply  notched  below.    The  condyloid  fossa;  are  widely  spread  traas- 
versely  and  nearly  flat,  except  that  their  surface  is  carried  forwards  on  the 
neural  tube.     They  are  well  seimratcd  below.     There  is  a  strong  hypa- 
jwphysial  keol,  which  diminishes  and  runs  out  anteriorly.     There  are  pre- 
zygapophysial  facets,  but  the  postzygapophyses  exist.  Their  superior  edge 
is  however  carried  posteriorly  to  form  the  sides  of  the  huge  embracing 
zygantrum.     These  side  processes,  which  I  will  call  z5'gantropophyses. 
extend  as  far  posteriorly  as  above  the  posterior  end  of  the  centrum  of  ^^^ 
axis,  embracing  almost  tlie  whole  of  the  neural  arch.     There  is  anotli'^^ 
sliort  median  superior  process,  which  notches  the  extremity  of  the  zvS^*       ' 
])h(Mi.     The  side  of  the  atlas  between  the  postzygapophysis  and  t\w  con- 
dyloid facet  is  wrinkled,  and  the  inferior  face  finely  punctate. 

In  the  axis,  the  hypopophysis  is  a  large  ridge  with  a  horizontal  trun«^^^^ 
edge.     The  costal  heads  of  th<*  diapophysis  an?  not  split  to  the  base  of  ^^^ 
latter  and  the  superior  is  the  more  robust  (extremities  broken  off).    C*^' 
trum  concave  posteriorly,  and  on  each  side  of  hyi)opophysis  with  relici*-** 
surface.     A   shc^rt   zyirantrnpophysis  ;    zygantrum    not   large.     Exp*:^^ 
summit  of  zygosphen  (nearly  equal  neural  arch)  without  neural  &piue- 
both  the  axis  and  other  cervical  vertebra*,  the  superior  diapophysis  i.s  cr^ 
nected  with  the  zygapopliv^cs  fore  and  afi,  in  accord  with  the  shortcP- 
of  the  centra.     In  the  more  posterior  vertehne  they  become  separaie<B- 
account  of  the  increasing  length  of  the  centrum. 

The  third  vert^'bra  is  like  the  axis,  except  in  having  a   keel-sha^^^^-^ 
neural  spine,  and  a  sh«>rt  obtuse  zygosphen  continued  from  its  base  ai 


riorly.  With  increasing  h*ngth  of  centrum  the  diapophysis  becomes  lonj, 
and  the  hypopophysial  ridge  becomes  wider,  and  coextensive  with  the 
ferior  face  of  the  (•entriim.  It  is  sepanited  by  an  angle  fn>ra  the  sides 
the  longer  vertebrse  ;  in  those  of  intermedlato  length,  the  inferior  face 
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vex.  All  of  them  retain  the  delicate  lines  and  punctce  of  the  inferior 
bee.  The  neural  spine  on  the  more  elongate  vertebrae  is  a  rather  ele- 
ed  keel,  with  horizontal  superior  edge.  Its  posterior  extremity  forms  a 
3ge-like  zygosphen.  The  zygantrum  is  a  deep  V-shaped  cavity,  open- 
posteriorly  and  not  roofed  over  at  any  point  unless  for  a  small  part  of 
fundus.  The  zygai)ophyses  are  well  spread,  and  have  horizontal  faces. 
;h  of  the  columns  of  the  diapophysis  sends  a  ridge  forwards,  which  en- 
ie  a  groove  between  them. 

Mi'anuremrnts  of  rertehne.  M. 

Length  of  atlas  below 015 

"         "         at  zygant^opophyses 029 

'     Expanse   **         "  condyloid  facets 034 

**         of  centrum  atlas  behind 0145  . 

Depth  of  atlas  at  middle 019 

Length  of  axis  below .' 015 

"'  "       at  zygantropophyses 016 

Width  of  zygosphen  above Oil 

Expanse  of  postzygapophyses 024 

Width  of  centrum  posteriorly 012 

Depth        *'  *' 

Length  of  centrum  of  another  (No.  Ill) 018 

(No.  IV) 022 

Expanse  of  postzygapophyses  of  do 018 

Length  of  centrum  of  No.  V 022 

-^.        ,  ,         IT      X    •    1        r  vertical 013 

Diameters  centrum  V  antenorly     <^  ^^« 

•^      \  transverse 012 

Expanse  prczygapophyses 021 

Elevation  of  neural  spine  from  centrum 01 1 

r  anteroposterior 02lJ 

Diameters  centrum  No.  VI     <  vertical Oil 

V  transverse OUJ 

'he  vertebnc  of  this  species  are  very  much  larger  than  those  of  the 

BolanKindroides,  and  the  diapophyses  do  not  originate  so  low  down  on 

centrum.   Otherwise  they  are  much  alike.   The  cranium  of  the  Illinois 

cies  is  yet  undetermined. 

Tie  D.  magnicarnis  was  discovered  by  W.  F.  Cummins. 

ACHELOMA.    Cope,  genus  novum. 

>rder  Rhachitomi ;  family  Er}'opidoe,»  differing  from  EryopB  in  the  ab- 

ce  of  notch  of  the  posterior  border  of  the  skull  between  the  epiotic  and 

drate  or  squamosal  bones,  and  in  the  absence  of  condyles  of  the  hu- 

ru8. 

[andible  without  angular  process.    Teeth  of  the  jaws  subequal,  rather 

jer  anteriorly  ;  some  large  ones  on  the  oi  palatinuui  at  ditferent  points 

American  Naturalist,  1882,  p.  336. 
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along  the  cxlcrnal  iiuirgiii.     Pterygoid  bone  ending  in  a  free  decurred 
edge  anterior  to  the  quadrate  bone.     Pahitines  and  pterygoids  narrov, 
leaving  a  wide  palaial  for.unen.    Vertebrnp  in  their  princii>:il  features  us  in 
Eryopn.  Tiie  hiiineriis  is  unlike  any  of  those  ennniemied  in  my  synoibko! 
Permian  humeri,*  but  resembles  ilie  one  ligured  byGaudry  iis  beloniing'o 
Actinmlon,  except  that  in  AchihiuKi  there  are  no  condyles,  and  ilieieisan 
epicondylar  foramen.  This  is  the  lirst  time  I  have  observed  the  foramen  in  Ji 
Batrachian.  tliougli  it  is  universal,  so  far  as  known,  in  the  Pelycosauna- 
As  in  Artinndon,  then?  is  a  short   proce*ts  above  the  external  epicondrUT 
angle. 

The  absence  of  humeral  JMUulyles  in  this  genus  is  paralleled  by  tin' sirii*' 
feature  in  Cfrjisi/dropM  tuttalin.  It  looks  as  though  the  animal  were  youiii?' 
and  had  not  yet  attained  to  the  c«>o^silication  of  epipliy^es.  Thi>  theory  ia=^J 
account  for  tlio  condition  of  tljr*  humeri  in  the  two  species  mentiouctl.  *' 
occurs  equ. illy  in  tlie  Ti'uu>  rorhichU  ImtijiLh.  As  all  tliese  specie,s>h':>'^^' 
every  other  indication  of  mituritv,  and  as  I  have  never  vet  observrdfrf*? 
epipliyses  in  any  of  my  numerous  Texan  collections,  I  am  dis])0MHl  to 
look  on  this  condition  of  the  humeri  as  a  case  of  permanent  incouipWt*" 
ness,  of  wliicli  the  Batrachia  present  so  many  instances. 

ACUKI.OMA  CIMMINSI.  Sp.   UOV. 

This  animal  is  represented  by  a  greater  part  of  a  skull  and  vertebni'  ! 
ctdumn,  witli  both  humt*ri  and  scapul.e  and  various  other  bones  of  th*^' 
limbs.  inclu<liug  i»halanges.  All  of  these  remains  look  a  good  dealViW 
Kryops  mc'jtie.fph'tlus,  and  they  might  be  supposed  on  hasty  exaniinatu>i^ 
to  belong  to  the  young  of  that  species.  On  a  full  investigation  the  folio** 
in.12;  dillen-iices  appear,  besitles  those  aln-aily  mentioned  in  the  ijea*-'^'^ 
diagnosis. 

The  muz/.le  is  relatively  much  shorter,  and  the  extremity  is  le-^:^    '''" 
pn^sx'd  :  the    length    from   the   siipraoceipital    forwanls,   is   a   little     *-*"' 
than  the  i<»tal  width  at  the  same  point.     In  agreement  with  this,  the  iJi-^"' 
dibular  rami.  aft«T  (livfT<j:inir  stronirlv  from  the  svmphvsis.  are  sJroii  ?■ 
incurviMl   to  tin'  quadrate,  a  form  not    found   in    E.    mcijnt'tphnJn*.       -*" 
sj'ulpture  i«*  more  'shari)ly  detined  in  tlu?  present  si>ecie^.     In  the  vertel^  ** ' 
aUhuu<j:h  the  intcn-entra  have  the  same  d<.'gree  of  ossification  as  in  tht  "* 
imtjiirt  p/niliis,  ill*  n(Miral  spines  have  not  th<'   expamled  head  of  iho?- ' 
the  larger  s]^«  cii's,  ])iit  Inok  as  though  they  had  lost  an  epiphysis,  as  in 
case  of  the  humeri.     They  an'  erect,  with  subquadrate  section,  and 
obrupic  and  groi»v«'(l  a-i  'friuti  rorhiic/iis  it/nnjui.^.  The  <liapophyse«are  1 
elongate  than  in  h\  mrf/ttn jt/nrhts.  and  their  extremities  frequently  ha\ 
sul)rt)und  or  suhoval  >('e.iion,  and  but  few  have  the  narrow  surface  seei 
E.  mt'jdi',  plinhis.  The  ribs  are  short  and  llat.  and  have  the  distal  extrcmi 
expanded  padtUe  >liape.     Laid  backwards  such  a  rib  reaches  to  the  pof 
rior  edge  of  the  third  diapoi)hysi*^   posterior  to  the  one  to  which  it 
attached. 

♦  Proceed  I  nj^H  Aineiiean  rhllri<;.  Soo.,  l^Ts,  p.  .Vi'*. 
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The  form  of  the  skull  is  triangular,  with  rounded  apex  or  muzzle,  and  a 
alight  coatraction  behind  ihe  nostrils.     The  hitter  are  near  the  edge  of  the 
jaw  and  open  equally  laterally  and  superiorly.    The  orbits  are  of  medium 
size,  and  areas  far  from  the  edge  of  the  jaw  as  the  width  of  the  intcrorbital 
s(nice,  which  is  about  as  wide  as  the  diameter  of  an  ori)it.     Tlie  posterior 
••  table  "  is  flat  with  decurved  lateral  edges,  which  rest  in  a  squamosal  su- 
ture on  the  squamosal  or  quadrat ojugal  and  (quadrate  i^ones.    Its  i>osterior 
:ing1e  is  produced  downwards  and   backwards  to  n'lar  the  distal   ex- 
tremity of  the  quadrate.    The  latter  slopes  posteriorly  and  downwards. 
The   quatratojugal  region  is  strongly  c«)nv<':i  in   verticil   secli<m.     The 
iiiaiulibular  ramus  is  strongly  incurved  posteriorly,  from  a  point  opposite 
the  free  extremity  of  the  pterygoid.     Tlie  symphysis  niandibuli  is  short. 

The  sculpture  is  distinct  on  all  the  superior  surfaces  of  the  skull,  and 
consists  of  fosse  of  medium  size,  boundi!;!  I)y  irrei^alar  nurrow  ridges. 
There  are  three  foss:e  in  10  mm.  Tlie  fossse  are  obsolete  on  the  extremity 
of  the  muzzle  and  on  thi»  anterior  part  of  both  jaws. 

The  teeth  are  a  little  longer  on  the  premaxillary  than  on  the  maxillary 

lx>ne.    Tliere  are  live  on  each,  or  six,  if  the  tm)th  below  the  nostril  be- 

h»ng.-;  to  tht;  premaxillary  b(»ne,    Tlic  palatine  ttjcth  are  much  larger.    The 

first,  perhaps  standing  on  the  external  e<lge  of  tlie  vomer,  is  a  little  ytos- 

^rior  to  tlie  line  of  the  external  hostril.     The  se<'ond  is  half  wav  between 

tiic  nostril  and  orbit,  and  the  third  is  alongside  of  and  just  posterior  to  it. 

T^he  fourth  is  opposite  a  |)oint  a  little  posterior  to  th(^  middle  of  the  orbit. 

Their  surface  is  as  yet  obscured  by  a  thin  layer  of  flue  indurated  mud, 

^tiich  in  some  instances  cannot  be  removed  without  destructi(m  of  the 

^»oth  surface. 

The  intercbntra  of  the  vertebne  are,  as  in  En/»>pK  megacephalas,  ossifled 
**o  as  to  nearly  cut  oft  the  chorda  dorsiilis.  but  unlik<'  that  species  they  are 
'^ot  notched  on  one  side  of  their  lateral  apices.  The  extremities  of  the 
'^'^ural  spines  are  sulxpiadrate,  rounded  behind,  and  flattened  anteriorly. 
The  edges  of  the  postzygapophyses  are  prominent  and  Ilared  upwards. 

The  scapula  is   robust  and  Hat,    having  the  posterior-external  border 
l*>nge9t,  and  concave,  and  the  superior-i>osterior,  convex.     In  my  speci- 
■Hens  the  thin  anterior  edge  is  brokt;n.     The  coracoid  appears  to  be  coossi- 
fted  with  the  proximal  external  edge  of  the  scai>ula,  and  is  directed  down- 
wards and  liackwards.     Its  extension  is  small,  and  terminates  in  an  apex 
posteriorly,  and  a  thick  double  etlge  iuferiorly.  The  glenoid  cavity  borders 
^iisedfre,  and  is  small.    The  epicoracoitl  if  it  existed,  is  lost.     The  thi<'k 
i^iferior  edge  of  the  conicoid  and  .scapula,  is  similar  to  those  «)f  the  humerus 
*^ nil  vertebral  processes,  which  suggest  a  cartilaginous  cap.     The  position 
of  the  scapula  and  conicoid  is  peculiar.     If  the  glenoid  cavity  is  directed 
^^twanls,  the  ribs  adherent  to  them  fit  their  extremities,  from  which  they 
■^Vc  been  broken,  which  adhere  to  the  vertebra;.     This  is  probably  the 
'^tiiral  position.   Wlien  thus  placed,  the  plate  of  the  scapula  is  horizontal 
^Tiinsversely,  and  inclined  upwards  and  posteritirl}'  at  30^.     The  coracoid 
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is  vertical.    When  in  place,  there  is  a  large  taberositj  above  and  anterior 
to  the  glenoid  fossa,  immediately  behind  which  is  a  wide  shallow  fossa. 

The  curve  of  the  proximal  extremity  of  the  humerus  is  a  semidrcle. 
That  of  the  distal  cud  is  less  convex,  being  flattened  at  the  middle. 
Viewed  proximally  the  proximal  end  is  a  little  concave  on  one  side,  and 
one  extremity  of  the  articular  surface  is  expanded  and  rounded.    Viewed 
distally.  the  distal  extremity  is  angulate  concave,  the  middle  portion  being 
straight  and  the  extremities  bent  in  the  same  direction,  one  being  loDgei 
than  the  other,  and  neither  expanded.     The  entire  extremity  makes  at 
angle  of  0(P  with  the  plane  of  the  proximal  end.  The  epitrochlear  foramci 
is  protected  by  a  strong  bridge. 

Afeasuremcnts. 

SkvU.  M. 

Length  to  line  of  angles  of  mandible 188 

posterior  edge  of  supradccipital 168 

line  of  posterior  edge  of  orbit 121 

anterior  edge  nares 017 

extremity  of  pterygoid 142 

Width  of  sltull  at  angles  of  mandible 134 

* '  greatest 158 

just  behind  nares 051 

at  nares 054 

"     of  cranial  table  at  middle 086 

**     between  orbits 030 

Length  of  a  prcmaxiUary  tooth Oil 

Diamoter  of  base  of  ao 004 

Length  of  a  median  maxillary  tooth 007 

Diameter  of  base  of  do 004 

Lejigth  of  a  median  palatine  tooth 021 

Diuineter  of  same  at  base 009 

Depth  of  ramus  mandibuli  at  angle 015 

VertchrcB  and  Bibs. 

rv.        .         r  •  ♦  4         f  transverse 018 

Diameters  of  mterccnt rum  <  .  ..^ 

<  antropostcnor 010 

Total  elevation  of  same  verlebni 027 

Elevation  of  neural  spine  above  postzygapophysis 005 

Total  expanse  of  diapophyscs  of  same 027 

Length  of  diapopliysis  from  post zyga|)ophy sis 0095 

/  neural  spine 206 

Diameter  of  end  of  J  ^Hapophysis  {  ""•'"!'''■;"« "JJ* 

C       *    '    "        I  vertical OOo 

Length  of  rib  of  5th  vertebra  in  advance  of  the  vertebra 

measured 038 

Width  of  rib  distally 027 
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Scapular  arch,  H. 

Length  of  scapula  on  anterior  face 069 

Width  do.  at  antero-intcrnal  distal  angle,  transversely.  .032 
"     of  coracoid  and  epicoracoid  at  glenoid  cavity, 

from  edge  of  scapula 028 

Length  of  epicoracoid  and  coracoid 087 

"  humerus 064 

Width  of  shaft  at  middle 016 

Diameters  proximal  end  \  ^°^ ' ^^  ^ 

c  short  at  middle 010 

Diameters  distal  end  |  ^^"S ;  •  • 039 

i-  short  at  middle 010 

Length  ungual  phalange 004 

"      second        "      0075 

"      first  *' .0135 

Width  do.  I  P^^^°^^"y ^^ 

I  distally 008 

lliis  species  was  discovered  by  Mr.  W.  F.  Cummins,  to  whom  I  dedi- 
e  it  with  much  pleasure. 

ANI80DEXIS  Cope,  genus  novum. 

[Hi^  Batrachia  ;  order  Khachitomi ;  family  Eryopidie.  Teeth  on  pre- 
udllary,  maxillary,  and  dcntary  bones  of  unequal  lengths,  some  very 
•ge,  others  very  small.  Dentinal  inflections  straight,  nearly  reaching 
Bpulp  cavity.     Cranial  surfaces  sculptured. 

This  genus  differs  from  all  the  others  of  the  Eryopida,  in  the  great  and 
rapt  inequality  of  the  teeth  of  the  external  series  of  the  mouth,  rcsem- 
Qg  in  this  respect  some  of  the  Saurians  of  this  deposit,  rather  than  the 
rachia.  Whether  it  possesses  long  palatine  or  pterygoid  teeth  such  as 
Bt  of  the  latter  exhibit,  is  not  rendered  clear  by  the  specimens,  but  ap- 
rances  indicate  the  presence  of  one  near  the  anterior  part  of  the  maxil- 
^     Mandibular  series  simple. 

»JTI80DEXI8  IMBRICARIU8  CopC.  Sp.  UOV. 

'ounded  on  numerous  fragments  of  the  skull  with  jaws,  and  a  verte- 
^  arch  and  spine  found  in  connection  with  tlie  remains  of  the  Diplocau* 
^'^iagnicornii.  Tliese  pieces  indicate  a  larger  species  than  the  latter, 
^  are  nearly  equal  to  the  Eryops  meqncepfudus.  The  jaws  are  not  pre- 
''ed  entire,  but  portions  from  diflerent  parts  of  the  length  display 
dental  characters. 

^e  sculpture  of  such  parts  of  the  superior  surface  of  the  skull  is  a  coarse 
culalion,  coarser  than  in  any  otlier  species  known  to  me.  Near  the 
*s,  some  of  the  bones  become  sniootlier,  and  the  ridges  flatten  into 
''Upping  laminae.  The  entire  sculpture  of  the  dentary  bone  is  of  this 
^Hcate  character,  the  apparent  overhipping  being  from   before  back- 

•^Oc.  AXER.  PHILO«  800.  XX.  112.  8P.      PRINTED  NOVEMBER  18,  1882. 
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wards,  and  below  upwards.  This  is  totally  different  fh)m  what  is  ol)6erTed 
in  the  other  known  species  of  EryopidcB,  THmerorhobchida:,  and  D^Ioeov- 
lida.  The  teeth  are  round  in  section,  but  become  lenticular  near  the  apex, 
developing  low  cutting  edges.  The  basal  grooves  are  fine,  but  distinct, 
and  extend  half  way  to  the  apex,  or  farther.  One  large,  and  one  medium 
sized  teeth  stand  on  each  dentary  bone  near  the  symphysis,  and  there  are 
two  similar  ones  at  a  point  further  bacic  on  the  same  bone.  Near  the  an- 
terior part  of  the  maxillary,  below  the  ?  nostrils,  is  a  huge  tooth,  with  a 
graduated  series  of  small  teeth  posterior  to  it,  and  a  very  small  one  ante- 
rior to  it. 

The  neural  arch  of  a  vertebra  has  a  well  developed  vertical  spine.  Its 
neurapophysis  rested  in  an  oval  fossa  of  the  centrum  which  probably  was 
divided  into  pleurocentra.  The  prezygapophyses  are  very  small,  and  look 
directly  upwards.  The  postzygapophyses  are  much  larger,  and  look 
obliquely  outwards  and  backwards.  The  spine  is  not  expanded  at  the 
summit,  and  is  granular,  as  though  it  was  protected  by  a  carUlaginoos 
cap.  Its  section  is  anteroposteriorly  lenticular,  with  acute  edge  (angle) 
posteriorly,  and  a  very  narrow  truncate  edge  anteriorly.  Tlie  latter  is 
bounded  below  just  above  the  root  of  the  neural  arch  by  two  little  foas*- 
The  posterior  keel  is  bounded  below  by  a  corresi>onding  single  fossa.  The 
posterior  acute  edge  of  the  spine  is  dentate,  and  the  surface  on  each  ^ 
of  it,  is  beveled  with  rabbeted  surfaces  as  though  for  a  coarse  sfiuaroojal 
suture.  But  the  appearance  of  suture  is  fallacious,  and  is  simply  due  to 
contraction  of  the  transverse  diameter  of  the  spine.  The  neuraiwphy^** 
is  much  narrower  anteroposteriorly  than  the  neural  spine. 

MiasurcmenU.  M. 

Depth  of  maxillary  bone  at  large  anterior  tooth 037 

"         dentary  at  symphysis 025 

**       near  middle 021 

Width  "         "  "      015 

Diameter  of  base  of  large  maxillary  tooth 010 

"  small  maxillary  tooth 0035 

Length      "      "  **  **     008 

**        of  large  mandibular  tooth  near  symphysis 016 

Diameter  of  base  of  crown  of  do 006 

Elevation  of  neural  arch 037 

C  vertical 029 

Diameters  neural  spine  \  (  anteroposterior. 019 

(  at  apex  ^  transverse 012 

Width  neurapophysis  anteroposteriorly 010 

From  Mr.  W.  F.  Cummins'  collections. 

I  had  thought  at  one  time  that  this  species  might  be  referable  to  th» 
nus  Leptophractus  of  the  Coal  Measures.    No  trace  of  the  vertebrae  o 
Rhachitomous  order  has  yet  been  found  in  that  formation  in  this  cou 
nor  have  any  of  the  Coal  Measure  genera  of  Batrachia  yet  been  fou 
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the  Permian  of  the  United  States.*  It  is  not  improbable  that  such  occur- 
rence of  genera  may  yet  l)e  substantiated,  but  the  identification  of  an  or- 
der hitherto  unknown  in  a  formation,  on  uncertain  characters,  is  not  a  safe 
proceeding.  The  vertebrae  of  Leptophractus  although  not  certainly  known, 
are  supposed  to  be  of  the  Laby rinthodont  type.  The  teeth  are  much  more 
compressed  and  trenchant  tliau  in  the  present  species,  nor  do  there  appear 
to  be  any  long  ones  near  the  symphysis  mandibuli.  I  consider  the  ques- 
tion of  reference  to  Leptophractus  to  be  still  an  open  one. 

The  family  Eryopidce,  though  abundant  in  individuals,  is  not  represented 
by  many  species.     They  are  presumably  as  follows  : 

AnisocUxis  imbriearius  Cope. 

Achelama  eummiim  Cope. 

Bryops  retieuUitus  Cope. 

Eryops  ferrUolas  Cope  (Btrioxys  oliin), 

Eryaps  megaeephalus  Cope.  , 

Aetinodan  froasardi  Gaudry. 

Zairachyt  aerratus  Cope. 

Zatrachys  apicalis  Cope. 

But  the  occipital  condyles  are  unknown  in  Acheloma  and  Zatrachys. 

I  may  add  here  that  through  the  courtesy  of  Messrs.  Scott  and  Osborne, 
I  have  seen,  in  the  Museum  ot  Princeton  College,  vcrtebrue  of  some  species 
of  the  Rhachitomi  from  Saarbriicken,  along  with  Archegosaurus,  with  entire 
centra,  from  the  same  locality. 


SynopsU  of  the  Vertebrata  of  the  Puerco  Eocene  epoch.    By  E,  D.  Cope. 

{Read  before  the  Amerieah  Philosophical  Society,  October  20,  1S8S.) 

REPTILIA. 

CROCODILIA. 

CroeodUut  sp. 
€^ocodilu9  sp. 
GrocodHue  sp. 

TESTUDINATA. 

-f^'loitomenue  t  communis  Cope. 
^ermaUmys  sp. 
Gompsemys  sp. 
-^n^fssp. 

l^^^fptorMna  aretata  Copo,  from  the  Illinois  Permian,  is  not  a  Peplorhina,  but 
^^leromorph  Saurian. 
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CHORIBTODERA. 

Ohampioicmnu  australU  Cope,  American  Naturalist,  1881,  p.  690. 
Ghamp9o$av/rus  puercensia  Cope,  Proceedings  American  Philosophical 
Society,  1881,  p.  195. 
Ohan^o$auru»  ioponenm  Cope,  Loc  cit  1881,  p.  196. 

MAMMALIA. 

MAR8UPIALIA. 

PtUodiM  mediaemu  Cope,  American  Naturalist,  1881,  p.  933. 
PtUodus  trovessartianus  Cope,  loc  cit.  1883,  p.  686. 
Oatopsalia  foliattu  Cope,  loc.  cit.  1882,  p.  416. 
OatopsalU  poUux  Cope,  loc.  cit.  1883,  p.  685. 
PolymoBtodon  taoenns  Cope,  loc.  cit.  1883,  p.  684. 

BUNOTHERIA. 

Taeniodonta. 

Hemiganus  vultuosus  Cope,  loc.  cit.  1883,  p.  881. 
'Taniolabis  scalper  Co^e,  loc.  cit.  1883,  p.  604. 

TiLLODONTA. 

PnUtacotTurium  muliifragum  Cope.  1.  c,  1882  p.  156. 
PnUtacoifierium  aspasia  Cope,   Proceed.  Amer.  Philosophical  Society* 
1882,  p.  192,  (1882). 

Mesodonta. 

Pelycodus  pelvidens  Copo,  Proceeds.  Amer.  Philos.  Soc.  1881,  (H^'-)  P* 
151.     Lipodcctes  peUidcriH  Cope,  American  Naturalist.  1881,  p.  1019. 

Hyopsodus  acolytus  Cope,  sp.  nov. 

This  the  least  species  of  the  genus,  is  also  the  oldest,  being  derived  from 
tlie  Piierco  liorizou.  Paris  of  two  individuals  furnish  the  character  ot 
the  inferior  and  superior  true  molars,  and  the  fourth  superior  preraolAf^ 
Tiie  species  dillers  from  tliose  hitlierto  described  in  other  characters  tbao 
the  minute  size.  One  of  these  is  ihe  absence  of  posterior  interior  cusp.  ^^^ 
heels  of  tlie  tirst  and  second  true  inferior  molars  being  bounded  by  a  ridfi* 
only  at  this  point,  as  in  most  of  the  species  of  Ptlycodus.  The  last  inf"?"^^ 
molar  is  not  smaller  than  the  second,  nor  longer.  The  anterior  cusps"^ 
all  the  molars  are  robust,  so  that  on  the  first  and  second  true  molars  tb^^ 
are  separated  by  a  shallow  notch  only.  There  is  a  rudiment  of  the  antenof 
inner  cusp  on  the  tirst  true  molar  but  none  on  the  second  and  third.  TW 
posterior  external  is  obtuse  and  has  a  triangular  section  on  all  the  mola^' 
a  crest  is  continued  from  the  heel  of  the  third  molar  on  the  inner  side^' 
the  crown  half  way  to  the  anterior  inner  cusp. 
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The  Mierosyapt  Bpieriantu  differs  from  this  species  in  its  smaller  size 
rue  molars  .008)  and  in  the  presence  of  posterior  internal  cusps  of  the 
ue  molars. 
The  Hyopsodui  aeolyttu  was  foand  by  Mr.  D.  Baldwin,  in  New  Mexico. 

« 

Crkodonta. 

Snrcothrauites  antiquus  Cope,  Proceeds.  Amer.  Philos.  Soc.  1881  (1882), 

193. 

Dissaeus  carnifex  Cope,  Amer.  Natst.  Oct.  1883  (Sept.),  p.  884. 

Dissaeus  navajovius  Cope,  loc.  cit.  1881,  p.  1019.    Mesonyz  navajoinuM 

^pe.  Proceeds.  Amer.  Philos.  Society,  1881,  p.  484. 

TriUodon  quivirensis  Cope  Amer.  Nat  1881,  p.  667. 

TViUodon  heilprinianus  Cope,  Proceeds.  Amer.  Philos.  Soc.  1881  (1882), 

193. 

Deltatherium  fundaminU  Cope,  Amer.  Nat.  1881,  p.  237  ;  1881,  p.  887. 

Lipodectes  penetrans,  loc.  cit.  1881,  p.  1019. 
Oeltatherium  baldtoini  Cope. 

This  Creodont  is  known  only  fVom  a  portion  of  a  right  mandibular 
a  us  which  supports  the  two  last  premolars,  and  the  first  true  molar  with 
-t  of  the  second.  It  differs  from  the  D,  fundaminia  in  its  materially 
A  Her  size,  and  in  the  forms  of  the  teeth.  The  first  true  molar  is  a  more 
»U8t  tooth,  and  the  basis  of  the  posterior  or  heel  crest  is  more  rounded, 
1  less  angulate.  The  anterior  inner  cusp  projects  less  anteriorly.  The 
^irth  premolar  has  a  distinct  anterior  ))asal  lobe  which  is  wanting  in  the 
y-undaminU.  Its  heel  is  short  and  wide,  and  the  posterior  face  of  the 
ncipal  cusp  is  fiat,  and  there  is  a  rudiment  of  an  internal  tubercle  on  its 
e.  The  second  premolar  is  elevated  and  acute,  has  no  anterior  basal 
^t^.  and  has  a  very  short  wide  heel,  enamel  slightly  roughened.  The 
imal  was  rather  aged. 

MeaauremmU.  M. 

Length  of  P-m.  ii  and  iii  and  M.  ii 0160 

Diameters  m.  i  /  ^°^^™P^«^«"^^- ^f 

i>  transverse 0040 

Elevation  of  crown  of  Pm.  iii 0052 

Depth  of  mandible  at  M.  i 0180 

From  the  Puerco  beds  of  N.  W.  New  Mexico.  Dedicated  to  Mr.  D. 
Baldwin,  the  discoverer  of  the  Mammalian  Fauna  of  the  Puerco  beds, 
'^bich  is  one  of  the  most  important  in  the  history  of  American  Palseon- 
ology. 

Deltatherium  tnterruptum  Cope. 

The  smallest  species  of  Deltatherium  is,  like  the  D,  baldmni,  only  repre- 
snted  by  the  anterior  part  of  a  right  mandibular  ramus,  which  supports 
^e  last  premolar  and  the  first  true  molar,  with  the  bases  of  the  other  pre- 


^^a«aLa^a^ 
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molars  and  part  of  the  canine.    The  canine  is  small  and  the  first  premolv        |  ^ 
in  accordance  with  the  generic  character,  is  wanting.    The  second  pre- 
molar is  two-rooted.     Tlie  fourth  has  an  elevated  principal  cusp,  and* 
narrow  heel  on  the  inner  side  of  the  posterior  base ;  anterior  base  injured. 
Tlie  first  true  molar  has  very  little  sectorial  character,  and  resembles  the 
corresponding  tooth  of  a  Pielycodu%.    It  diders  entirely  from  that  of  the 
J9.  fandaminis  in  the  possession  of  a  well  marked  posterior  internal  cusp, 
which  is  connected  by  a  ridge  with  the  large  internal  lateral  cusp  of  t\i« 
heel.    The  anterior  cusps  of  opposite  sides  sub-equal.     A  weak  external 
basal  cingulum  on  the  anterior  half  of  the  crown;  no  internal  cinguliHT^' 
Enamel  of  the  tooth  wrinkled. 

Meaturements.  M. 

Length  of  premolar  series 0140 

Elevation  of  p.m.  iv 0040 

DiametersofM.i^*"^^^  P^^^^"^^ ^l 

i  transverse 0042 

Depth  of  ramus  at  P-m.  i 0090 

M 0113 

On  comparison  with  the  D.  fundaminis,  the  first  molar  tooth  has  the 
same  dimensions,  but  the  premolars  are  cx)nsiderably  smaller.  The  TStoM^ 
is  also  shallower.  Found  by  Mr.  Baldwin  in  the  Puorco  beds  of  Notil*- 
west  New  Mexico. 

DidymictU  haydenianus,  sp.  nov. 

This  croodont  is  represented  by  parts  of  the  maxillary  and  mandibi^^*^ 
bones  of  the  left  side,  the  former  supporting  the  four,  and   the  li»^^^^ 
supporting  the  three  last  molars.   The  arrangement  of  the  superior  mol^^ 
is  much  OS  in  D.  protenus,  the  fourth  premolar  being  a  true  sectorial.    "^^^ 
third  premolar  has  no  internal  lobe,  although  the  section  of  the  base  o€"  ^"^ 
crown  is  narrowly  triangular.  It  lia**  anterior  and  posterior  basal  lobes,    ^^^ 
a  posterior  lobe  on  the  cutting  edge.     In  the  sectorial  the  median  lot^^^^ 
a  good  deal  more  produced  than  the  ])osterior,  though  the  two  form  toge  *^^ 
the  usual  blade.  The  anterior  basal  lobe  is  distinct;  and  the  internal  is  la  ^^^ 
and  is  conic.  The  flrsit  true  molar  has  the  anterior  external  base  of  the  crc:^^ 
produced.   Its  two  external  cusps  are  conic  and  distinct.    The  internal  '^0^ . 
of  the  crown  is  rounded  and  support^s  a  conic  internal  tubercle,  whic-  J^- 


separated  from  the  external  cones  by  two  small  concentric  tubercles.  , 

second  tme  molar  is  considerably  smaller,  and  is  transverse,  its  cxtei 
border  being  very  oblique.     It  has  an  acute  internal  lobe. 

The  character  of  the  species  is  well-marked  in  the  inferior  true  mol^^^  . . 
The  first  has  the  form  seen  in  other  species  of  Didymiciis,     The  hee*^^ 
large,  and  with  a  median  basin  between  lateral  cutting  edges.     The  t'    "*^^.i^ 
anterior  inner  cusps  are  of  equal  elevation  and  are  near  together ;  t^^^ 
external  is  much  larger.    The  last  molar  is  elongate,  but  reduced  in  si^-        . 
Its  anterior  three  cusps,  rudimental  in  other  si>ecies,  are  here  elevat^^ 
forming  the  triangular  mass  seen  in  the  first  true  molar.    They  are  not 
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ilerated,  howeyer,  as  In  that  tooth,  and  thuR  not  so  much  developed  as  in 
Txymna,  Stffpolophui,  etc.  The  fourth  premolar  has  a  median  cutting  edge 
»zi  the  short  hceL 

MeamremenU.  M. 

Length  last  four  superior  molars 022 

"      P-m.iii 0065 

**      iv 0085 

Width     *•      ** 0050 

{anteroposterior 0055 
transverse 0088 
oblique  external 0072 

-..       ,       „    /.  r  anteroposterior 0027 

Diameters  M.  h^  ,  ^^--. 

\  transverse 0055 

T^,        .       .  r    .     -mr  -r  f  antcropostcrior 007 

Diameters  mfenor  M.  I  ^  ^  '  -^- 

\  transverse 005 

TV.       ^       .   r  _i     ■»«■  TT  f  anteroposterior ,... , 0055 

Diameters  inferior  M.  IT  J  ^  __„ 

\  transverse 003 

Depth  of  ramus  at  M.  II,  (squeezed) 010 

The  peculiar  characters  of  the  last  inferior  molar  distinguish  this  species 
from  its  congeners.  Tlie  last  su|>erior  molar  is  relatively  Hiiialler  than  in 
the  D,  jirottnus.  In  size  this  species  is  superior  to  the  D.  dabokiniianiu, 
und  is  smaller  tlian  the  2>.  l&ptomylw.  It  is  dedicated  to  the  distinguished 
geologist.  Dr.  P.  V.  Hayden. 

New  Mexico,  D.  Baldwin. 

TAXEOPODA. 

CONDTLAKTHRA. 

Periptychidfls. 

I\'rxptyehu»  rhdbdodon  Cope.  Catathlceun  rhdbdodon,  American  Natur- 
alist. 1881,  829. 

Prriptyd^us  Mrinidens  Cope,  loc.  cit.  1881,  p.  337. 

BeHf.tychu^  ditriganus  Copo,  sp.  nov. 

This  rare  siKJcies  is  kn<»\vn  from  a  riglit  mandibular  mmus,  which  ex- 
hibits part  of  the  symphyseal  suture,  with  the  alveoli  of  the  molar  teeth, 
except  the  first.  The  only  well  preserved  crown  is  that  of  the  second  true 
molar. 

The  second  true  molar  presents  very  peculiar  characters,  and  the  man- 
dibular ramus  is  Hhallower  and  thickttr  than  in  the  two  other  species  of 
Periptychus.  The  former  has  a  wide  external  cingulum  which  is 
not  present  in  the  other  species,  and  there  are  only  six  cusps 
instead  of  seven.  These  arc  peculiarly  arranged.  The  anterior  three 
are  much  as  in  P.  rhahdodon,  the  anterior  being  not  quite  so  far  in- 
ternal as  the  posterior  inner,  close  to  it,  and  as  large  as  the  anterior 
external.  The  |)osterior  three,  are  a  posterior  inner  and  posterior  median 
as  in  P.  rhabdodon,  and  a  peculiarly  placed  posterior  external.  This  is  not 
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opposite  the  posterior  inner,  but  is  anterior  to  such  a  position  and  inter- 
mediate between  the.  latter  point,  and  the  one  occupied  by  tlie  medbu 
tubercle  in  P.  rhabdodon.    It  is  as  largo  as  the  anterior  external  tubercle. 
All  these  tubercles  are  conical,  and  not  connected  by  angles  or  ridges. 
The  posterior  external  cusp  leaves  the  cingulum  wide  posteriorly,  and  it* 
edge  develops  some  small  tubercles.     There  are  also  some  small  tubercles 
at  other  points  on  the  edge  of  the  crown,  but  no  other  cingula.  Th* 
enamel  is  not  regularly  ridged  as  in  P.  rhabdodon,  but  has  a  rather  coar«^ 
obsolete  wrinkling. 

MeasuremenU.  M. 

Length  from  P-m.  ii  to  M  ii  inclusive 052 

Diameters  of  M.ii  {  «nt<^'^P09tcrior. Oil 

I  transverse 010 

Depth  of  ramus  at  M.  ii 032 

Widthof       "        '*        016 

Depth  of      "        "■       P-m.  ii 019 

From  the  Puerco  formation  of  New  Mexico,  D.  Baldwin,  discoverer- 
Haploconus  lineatus  Cope,  Amer.  Nat.  1882,  p.  417. 

Edploeonus  angustiis  Cope,  Loc.  cit.  1882,  p.  418.     Mioclanua  angu-^  ^"* 
Cope,  loc.  cit.  1881,  p.  831. 

Haploconus  xiphodon,  sp.  nov. 

This  species  is  represented  by  a  mandibular  ramus,  and  perhaps  by  t  V^  re^ 
rami.  The  one  on  which  the  species  rests  contains  five  molars,  the  micrt  <"<^ 
one  of  the  series  broken,  so  that  its  form  cjinnot  be  positively  ascertai¥'»-C"- 
It  is  probable  that  it  is  the  llrst  true  molar,  so  tliat  the  animal  exhibits 
last  true  molar  not  entirely  protruded,  and  is  therefore  nearly  adult, 
there  are  some  reasons  for  suspecting  it  to  be  young.  Thus  the  last  infr 
molar  does  not  exhibit  more  of  n  heel  than  the  second  usually  does, 
the  third  supposed  premolar  is  smaller  than  that  tooth  is  in  the  other  ^ 
cies,  having  nearly  the  proportions  of  the  second  premolar.  The  t( 
present  may  then  be  supposed  to  be  the  molars  from  the  sec 
to  the  sixtli  inclusive.  But  opposed  to  this  view  is  the  fact  that  the 
posed  third  premolar  has  more  the  structure  of  that  tooth  in  details,  tl. 
that  of  the  second,  and  the  specimens  accompanying,  which  have  the  tt' 
poniry  dentition  apparently  of  the  same  spt^cics.  present  pn^molar  teeih^-- 
a  very  different  character.  In  any  case  the  present  specimen  represent 
third  species  of  tlie  genus,  and  I  describe  it  at  present  as  an  adult. 

Tlu!  third  premolar  has  a  simjde  compressed  erown,  about  as  high  as  t 
length  of  its  l)ase,  and  without  anterior  basal  tubercle.     It  has  a  narrc^^* 
triangular  i)osterior  face  which  is  concave,  and  truncated  by  a  cinguli^-^ 
below  ;  no  heel  proi)er,  nor  lateral  cingula.     The  fourth  premolar  is  m- 
«*longate  tooth  consisting  of  a  compressed  principal  median  lobe,  an  ant^   ^^ 
vior  h)hQ  connected  with  it,  and  a  heel.    The  latter  has  elevated  poateri*  ^ 
and  interior  borders.  A  rudiment  of  an  exterior  border  is  seen  in  a  nai 
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ridge  on  the  external  side  of  the  posterior  face  of  the  principal  lobe  of  the 
tooth. 

The  sides  of  the  premolars  present  rather  distinct  ridges,  as  in  Peripty- 
ehus  Garinidens,  The  second  true  molar  has  two  anterior  and  three  poste- 
rior tubercles ;  the  latter  close  together,  pointed  and  of  about  equal  size. 
Of  the  anterior  tubercles,  the  external  is  much  the  larger  and  more  ele- 
vated. It  is  compressed  and  has  a  curved  subacute  anterior  edge,  which 
extends  much  in  front  of  the  internal  tubercle.  There  is  mo  anterior  inner 
tubercle,  nor  are  there  any  cingula.  The  enamel  of  the  sides  of  the  crown 
presehts  a  few  vertical  ridges.  The  last  inferior  molar  only  differs  from 
the  second,  in  the  greater  size  of  the  median  posterior  lobe,  which  is  never- 
theless smaller  than  in  the  two  other  species  of  Haploconus, 

There  is  a  mental  foramen  below  the  posterior  edge  of  the  second  in- 
ferior premolar. 

Measurements.  M. 

Length  of  last  five  inferior  molars 0250 

"  third  premolar 0050 

"  fourth  premolar 0066 

**  second  true  molar 0050 

Width  of  second  true  molar. . .  t 0032 

Length  of  thbrd  true  molar 0050 

Depth  of  ramus  at  P-m.  iii 0095 

M.iii 0130 

The  two  rami  with  the  temporary  premolars,  exhibit  the  last  true  molar 

enclosed  in  the  jaw.  The  third  and  fourth  premolars  arc  much  like  the  fourth 

premolar  of  the  specimen  above  described,  but  tli(^  fourth  is  a  little  more 

robust  than  that  of  the  latter,  which  is  very  much  like  the  third  of  the  de- 

cidaouB  series.    The  space  occupied  by  the  supjwsed  first  premolar  of  the 

type  specimen  is  too  short  for  the  fourth  premolar  of  the  deciduous  series, 

otherwise  it  might  be  supposed  to  have  occupied  that  position.     The  two 

true  molars  resemble  those  of  the  type,  ftxce])ting  that  the  last  one  does 

Oot  extend  so  far  into  the  base  of  the  coronoid  i)ro('es8,  and  is  in  accord - 

•'Jce  with  the  position  as  number  two  in  the  series. 

The  specimens  were  procured  by  Mr.  D.  Baldwin  in  the  Puerco  beds  of 

^ew  Mexico. 

'^^ploe<mu9  entoconus  Cope,  loc.  cit.  1882,  p.  080. 

^'lisonehus  coniferus  Cope,  loc.  cit.  1882,  October  (September),  p.  832. 

^'^isonehus  giUianus  Cope.     Haploconus  gilliaivts  Cope,  loc.  cit.,  1882, 
p.  68G. 

^^isonchus  sectorius  Cope,  Proc.  Anier.  Philos.  Soc.  1881,  p.  488,     ,}fio 
^^^^^  HctoriuB,  Amer.  Nat.  1881.  p.  831. 

^^'^thUsag  kowalevskianvs  Cope,  Amor.  Nat.  1882,  p.  832. 
^^^hUBUs  opietTuteue  Cope.    Miodmnus  opisthnnts,  I  c.  1882,  p.  833. 
^^"^i^etM  comma  Coi^  American  Naturalist,  1881.  p.  829. 

WKJ.  AKEB.  PHILOS.  SOC.  XX.  112.  3g.      PRINTED  NOVEMBER  18,  1883. 
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Oon&rycUB  crcuiicuipis  Cope. 

The  posterior  part  of  a  mandibular  ramus  supporting  the  last  two  molts^r 
teeth  indicates  a  second  and  larger  species  of  the  genus.     The  ramus        \s 
one-half  deeper  than  that  of  the  O.  comma,  and  the  second  true  molar         is 
much  larger  than  in  that  species.    The  last  true  molar  is  much  small         er 

than  the  the  penultimate,  and  consists  ot  three  ifnterior  cusps  and  a  long^ er 

heel.  The  former  are  obtuse,  the  external  the  longer,  the  internal  eqa^anl, 
the  anterior  on  the  inner  edge  of  the  crown.  The  heel  sustains  a  If-  )w 
conic  tubercle. 

From  the  Puerco  beds  of  N.  W.  Now  Mexico. 

Phenacodontidae. 

Protogonia  plicifera  Cope,  Amer.  Nat.  1882,  Oct.  (Sept.),  p.  838. 

Protogoniii  Bvhquadrata  Cope,  Proceedings  Amer.  Philos.  Soc.  1881.  p.  ^^-  ^ 

Phenacodus  pucrcemU  Cope,  Proc.  Amer.  Philos.  Soc.  1881,  p.  492. 

Ph^nuGodus  zuiiten^iis  Cope,  Inc.  cit.  p.  493  ;  loc.  cit.  1881  (1882),  p.  *-  ^• 

PantoUimbda  bathmod^n  Cope,  Amer.  Nat.  1882,  p.  418. 

MiocUBnus  turgidus  Cope,  Amer.  Nat.  1881,  p.  830. 

MiocUjBnua  minimus,  sp.  nov. 

This  is  one  of  the  least  mammalia  of  the  Puerco  fauna,  exceeding  '^y^ 
little  the  Hyapsodus  acolytus.   It  is  represented  by  parts  of  two  mandibl  <^ 
which  display  all  the  true  molars.     As  there  are  no  premolars  preserv*?*^' 
its  reference  to  the  genus  Miocl(Bnu4  is  provisional  only,  but  its  true  mol»" 
have  the  peculiar  characteristics  of  those  of  the  M.  twrgidus. 

The  two  anterior  cusps  of  the  true  molars  are  higher  than  the  heel,  and 
they  are  united  together  to  a  point  above  the  level  of  the  heel.  The  ^^^' 
tion  of  both  those  of  the  M.  ii  is  round  ;  that  of  the  external  one  of  the  ^^^ 
is  cresentic  ;  of  the  inner  cusp,  round.  The  heel  is  wide,  and  supports  a 
cusp  at  the  posterior  external  angle.  It  is  bounded  posteriorly,  and  on  *^* 
inner  side  by  a  raised  ridge,  which  gives  with  the  cusp,  on  wearing  ^ 
comma-shaped  surface.  A  transverse  ridge  closely  aj^pressed  to  the  ant<?- 
rior  cusps  connects  them  anteriorly.  In  one  of  the  specimens  there  ^^  * 
cingulum  on  the  external  side  of  the  second  inferior  molar  ;  (m  the  o*^*®'^ 
specimen  it  is  wanting.     Enamel  smooth. 

The  mandibular  ramus  is  rather  deep  and  compressed,  and  display^  ^" 

external  ridge  on  the  anterior  border  of  the  coronoid,  which  is  not    <^^^^' 

tinued  downwards. 

Measurements  {No,  2).  M. 

Length  of  basis  of  true  molars 0125  • 

Diamoters    M.   «/ anteroposterior 0040 

i.  transverse 0085 

Dcptli  of  ramus  at  M.  ii 0073 

From  the  Puerco  bods  of  New  Mexico.     D.  Baldwin. 

Miorlmnus  siubtriffonus  Cope,  Amer.  Nat.  1881,  p.  490,  491. 

MiodfEuus  prolog onioides  Cope,  loc.  cit.  1882,  Oct.  (Sept.),  p.  833. 

MiocUenus  mfindibularis  Cope,  Amer.  Nat.  1881,  p.  830. 

Mioclamus  bcUdwtJii  Cope,  loc.  cit.  1882,  Oct.  p.  883. 
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GENERAL  REMARKS. 

lie  prcoeding  list  of  fifty -six  species  is  doubtless  sufficiently  character- 

2  to  enable  us  to  form  a  pretty  good  idea  of  the  Puerco  fauna, 
itting  six  undetermined  species  of  reptiles,  we  find  the  following 
uliarities  in  the  remaining  forms.  As  already  pointed  out  the  three 
ermined  species  of  reptiles  belong  to  a  suborder,  which  has  thus  far 
m  only  found  in  the  Laramie  formation,  or  Cretaceous  No.  6.  This 
es  the  Puerco  at  once  a  position  below  all  the  other  tertiaries.  The 
lilate  orders  of  mammals  may  be  dismissed  as  being  not  likely  to  occur 

lacustrine  formation.    The  orders  of  land  Mammals  are  represented 
>llowB : 

otremata 0 

supialia 5 

^ntia 0 

optera 0 

i  tata 0 

otheria 15 

Tsniodonta 2 

Tillodonta 2 

Insectivora 0 

Mesodonta 2 

Lemuroidea. 0 

Creodonta 0 

:eopoda 25 

Hyracoidea 0 

Gondylarthra 25 

»lx)8cidea« 0 

iblypoda 0 

>larthra. 0 

'oivora 0 

Mlrumana 0 

Total 45 

lie  above  list  renders  the  peculiar  facics  of  this  fauna  at  once  apparent. 
»  the  only  Tertiary  fauna  known,  from  which  Perissodactyla  are  ab- 
t.  The  absence  of  Amblypoda,  one  of  the  oldest  types,  is  unexpected. 
'  lack  of  Rodentia  is  remarkable,  and  perhaps  only  due  to  failure  of 
iovery ;  but  if  yet  to  bo  found,  they  must  be  very  rare,  amd  their 
ence  is  consistent  with  their  small  representation  in  the  Wasatch  beds 
ve  them.  In  the  large  number  of  Bunotheria,  the  Puerco  agrees  witji 
later  Eocenes,  but  the  order  is  here  characterized  by  vhe  small  number 
Mesodonta ;  and  the  Lemuroidea  are  apparently  absent.  An  especial 
ture  of  the  fauna  is  the  presence  of  five  undoubted  species  of  Mar- 
)k\\&  of  the  family  Plagiaulacidae,  which  has  its  origin  in  the  Jurassic 
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period,  and  extended  through  the  Cretaceous.    It  Is  represented  in 
latter  period  in  the  Laramie  by  the  genus  Menisco€8SUS.^ 

In  the  absence  of  a  number  of  the  existing  orders  of  placental  Mammalb 
the  Puerco  agrees  witli  other  Eocene  faunce.    In  the  absence  of  all  of  ll— B^he 
placental  orders  with  convoluted  cerebral  hemispheres,  this  fauna  is  mo=:     «re 
primitive  than  any  other  Eocene  fauna.     The  absence  of  all  ungulataezr      x- 
cepting  Taxeopoda,  which  have  the  most  primitive  foot  structure,  is  furth--        er 
evidence  ot  its  primitive  character.     This  is  further  increased  by  the  pre        ■•.«. 
ence  of  the  Marsupiulia  above  mentioned.    The  general  result  isamL- — =7. 
ture  of  Marsupial,  and  semi-marsupial   forms,  with  half  lemurs,  and         a 
great  expansion  of  the  Ilyracoid  type. 

In  more  detail,  the  genera  of  Bunotheria  may  be  compared  with  those    0/ 
the  period  immediately  following  ;  viz. :  The  Wasatch.    One  genus  om.Tj' 
of  the  Creodonta  is  common  to  the  two  epochs  (Didymictis).    Five  of  tZie 
species  remaining  are  much  like  oppossums,  and  may  be  Marsupialia.   The 
two  genera  {Deltatherium  an(}  Triisodon)  to  which  they  belong,  do  not 
occur  in  the  Wasatch.      The  remaining  two  genera,  (three  species^  are 
peculiar  to  the    Puerco,  but  represent  a  family  (Mesonychldae)    which 
occurs  throughout  our  Eocenes.    The  two  species  of  Mesodonta*  belong  ^^ 
genera  of  the  Wasatch,  one  of  them  at  least  extending  into  the  Bridg*^^- 
The  genera  of  Treniodonta  and  Tillodonta  are  distinct  from  those  of  ^^^ 
of  the  later  Eocenes,  so  far  as  known. 

SuppUinent  on  a  new  MeniseotTieriumfrom  tlie  Wamtch  epoch. 

Afeniscotherium  tapiacltis,  sp.  nov. 

The  species  now  to  bo  (lescril>ed  is  a  good  deal  smaller  than  M.  chaiiw-^'^^' 
wnd,  fi  fortiori,  than  tlu*.  Af.  U.rrceruhrcB.     It  is  known   lo  me  fron"»- 
nearly  entire  rami  of  a  single  mandible.    Theso  support  the  last  five  ni  •*  "^'*^ 
of  one  side  or  the  other,  and  alveoli  of  two  others  and  of  the  canine  tc"^*"^ 

Two  characters  besides  the  small  size,  are  observable  in  this  jaw.    I*  ^  ^^ 
the  symphysis  has  not  the  shallow  convex  inferior  outline  in  transw^*^^^ 
section  ;  but  is  on  the  contrary  angular,  having  subvertical  sides  sei)ai 
from  a  cf)nvex  middle  by  a  rounded  angle.     Tlie  symphysis  is  thus  der 
than  in  M.  ternvrnhrie.  Second,  the  crown  of  the  third  inferior  molar  t 
.lias  partly  the  form  of  that  of  the  second  of  the  M,  tcrnrrubrm.   It  is  an< 
posteriorly  short,  and  has  a  short  heel  and  no  anterior  basal  lobe  ;  the 
tiou  of  the  principal  lobe  is  lenticular,  and  profile  subconic.     In  J/,  te 
rubra  this  tooth  is  elongate,  with  well  developed  heel  and  anterior  1 
The  alveolus  of  the  canine  is  relatively  larger  than  that  of  the  M.  (err* 
brcR,    The  coronoid  process  does  not  rise  so  close  to  the  last  molar  t< 
nor  so  steeply,  as  in  the  latter  species.     The  i>osterior  recurvature  of 
internal  extremity  of  the  anterior  limb  of  the  posterior  V  of  the  true 
lars  is  but  little  marked. 

•  Amcrloan  Naturalist,  1882,  p  830,  Sept,  28th. 
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Measurements,  M. 

Length  of  true  molars  on  base 018 

Diameters  M.il(*'»t««>I^*«'*<" ^« 

I  transverse 0044 

DiAinptpra  >f    Hi  /  JL^teroposterior • 0065 

I  transverse 0038 

Diameters  P-m.  m  j  ^^^^^^  •  * '  • '. ^ 

C  anteroposterior 004 

Width  of  inferior  face  of  symphysis 008 

Depth  rapius  at  P-m.  iii .009 

«'      M.  iii 0103 

This  species  was  obtained  by  Mr.  D.  Baldwin  from  beds  of  probably 
lowest  Wasatch  age,  in  New  Mexico. 


On  the  Sysieniatic  Relatione  of  the  Camivora  Fissipedia.    By  E.  D»  Cope. 
(Read  before  the  American  Philosophical  Society,  October  20,  1882.) 

This  order  embraces  the  clawed  mammalia  with  transverse  glenoid  cav- 
ity of  the  squamosal  bone,  confluent  scaphoid  and  lunar  bones  of  the 
carpus,  and  well  developed  cerebral  hemispheres.  It  is  well  distinguished 
from  all  others  at  present  known,  but  such  definition  is  likely  to  be  invali- 
dated by  future  discovery.  Some  of  the  Insectivora  possess  a  united 
scapholunar  bone,  but  the  reduction  of  the  cerebral  hemispheres  of  such 
forms  distinguishes  them.  The  presence  of  the  crucial  fissure  of  the  hemi- 
spheres is  present  under  various  modifications  in  all  Carnicora,  while  the 
parietooccipital  and  calcarine  fissures  are  absent. 

The  many  tyx>es  of  existing  camivora  fall  into  natural  groups,  which  are 
of  the  grade  termed  family  in  zoology.  But  the  distinction  of  those  from 
each  other  is  not  easily  accompanishcd,  nor  is  it  easy  to  express  their  rela- 
lations  in  a  satisfactory  manner.  The  primary  suborders  of  pinnipedia 
and  fissipedia  are  easily  defined.  Various  characters  have  been  considered 
in  ascertaining  the  taxonomy  of  the  more  numerous  fissiped  division.  The 
characters  of  tlie  teeth,  especially  the  sectorials,  are  important,  as  is  also 
the  number  of  the  digits.  Turner*  has  added  important  characters  derived 
from  the  foramina  at  the  base  of  the  skull,  and  the  otic  bulla,  which  Flow- 
erf  lias  extended.  GarrotlJ  has  pointed  out  the  significance  of  the  number 
of  convolutions  of  the  middle  and  posterior  part  of  the  hemispheres.  I 
have  added  some  characters  derived  from  the  fommina  of  the  posterior  and 
lateral  walls  of  the  skull. §  Mr.  Turner  also  defines  the  families  bv  the 
form  and  relations  of  the  paroccipital  process. 

•  PixK3eedlngfl  Zoological  See,  London,  \SiS,  p.  63. 

t  Loc  ClU,  1809,  p.  5,  X  Loc.  clt.,  1878,  j).  377. 

§  Prooeedlugs  Amer.  Plillosoptilcal  Society,  1B80,  p. 
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In  studying  the  extinct  carnivora  of  the  Tertiary  period,  it  has  be- 
come necessary  to  examine  into  the  above  definitions,  in  order  to  de- 
teitnine  the  aflinities  of  tlie  numerous  genera  which  have  been  d'»coT- 
ored.    To  take  them  up  in  order,  I  begin  with  the  foramina  at  the  base  of 
the  skull.    The  result  of  my  study  of  these  has  been,  that  their  importance 
was  not  overrated  by  Mr.  Turner,  and  that  the  divisions  of  secondary 
rank  indicated  by  them  arc  well  founded.     Secondly,  as  to  the  form  and 
structure  of  the  auditory  bulla.     Although  the  degree  and  form  of  infla- 
tion are  characteristic  of  various  groups  of  Carnivora,  they  cannot  be 
used  in  a  systematic  sense,   because  like  all  characters  of  proportion 
merely,  there  is  no  way  of  expressing  them  in  a  tangible  form.    For,  if 
the  forms  in  question  pass  into  each  other,  the  gradations  are  insenM, 
and  not  sensible,  as  is  the  case  with  an  organ  composed  of  distinct  parts. 
The  sjime  objection  does  not  apply  so  much  to  the  arrangement  of  ib^ 
septa  of  the  bulla.    The  septum  is  absent  in  the  Arctoidea  of  Flower 
{UrsidcB  of  Turner),  small  in  the  Cynoidea  (Flower.  Ca/iuto  Turner), and 
generally  large  in  the  JSluroidea  (Flower,  FelitUB  Turner).     But  here  oc- 
curs the  serious  discrepancy,  that  in  the  Hyajnidae,  otherwise  so  nearly 
allied  to  the  Felidie,  the  septum  of  the  bulla  is  wanting.     Nevertbcless, 
the  serial  arrangement  of  the  ortler  indicated  bv  Flower,  viz.:  commc^^ 
ing  with  the  Arctoidea,  following  wiih  the  Cynoidea,  and  ending  with  tbe 
^luroidea,  is  generally  sustained  by  the  structure  of  the  auditory  bull** 
and  by  the  chanicters  of  the  feet  and  dentition,  as  well  as  of  the  cr*''^* 
foramina.     Turner's  arrangement  in  the  onler,  Ursidte,  Felidse  and  ^^^\ 
daj,  is  not  sustained  by  his  own  characters,  and  its  only  support  is  deri^^ 
from  Flower's  observations  on  the  external  or  sylvian  convolution  oC 
hemisphere  of  the  brain.*    There  are  tbree  simple  longitudinal  ctm**-^^. 
tions  in  the  raccoons  ;  in  the  civets  and  cats  the  inferior  convolution  i=^ 
**ured  at  the  extremities,  while  in  the  dogs  it  is  entirely  divided,  so       ^/ 
there  are  four  longitudinal  convolutions  between  the  sylvian  and  me  *-^^' 
fissures. 

An  important  sol  of  characters  hitherto  overlooked,  confirms  Flo 
order.     I  refer  to  those  derived  from  the  turbinal  bones.     In  the  u 
and  canine  forms  g(?nerally,  the  maxilloturbinal  is  largely  developed, 
excludes  the  two  ethmotnrbinals  from  the  anterior  nareal  opening.     In 
Feline  group,  as  arrangr<l  by  Turner,  tlu;  inferior  ethmoturbinal  is  de 
oped  at  the  expen-^e  of  the  maxilloturbinal,   and  occupies  a  pan  of 
anterior  nareal  opening.     'IMiese  modifications  are  not,  so  far  as  my  e.^ 
rience  has  gone,  subject  to  the  exceptions  seen  in  the  development  of 
otic  septa  and  molar  teeth,  while   they  coincide  with  their  iudicatl 
The  seals  possess  the  character  of  the  inferior  group,  or  Ursidce,  in  a 
degree. 

The  characters  derived  from  the  paroccipital  process  are  of  limited 
l)1ication,  as  the  study  of  the  extinct  forms  shows. 

•  rroceetllngs  Zoological  Society,  Lomlon,  13«l»,  p.  IS-i. 
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I  would  then  divide  the  fissiped  carnivora  into  two  tribes  as  follows  : 

Rxternal  nostril  occupied  by  the  complex  mazilloturbinal  bone ;  ethmo- 
tiirbinald  confined  to  the  posterior  imrt  of  the  nasal  fossa  ;  the  inferior 
ctbmolurbinal  of  reduced  size IIypomtctert. 

F]xterna1  nostril  occupied  by  the  inferior  ethmoturbinal  and  the  reduced 
inuxilloturblnal Epimtctekt. 

AVhih;  no  doubt  transitional  forms  will  be  discovered,  the  types  at 
present  known  fall  very  distinctly  into  one  or  the  other  of  these  divisions. 
The  characters  are  readily  precoived  on  looking  into  t)ie  nares  of  well 
;]eane<l  B|K'cimens.  The  Jlypomycteri  stand  next  to  the  Pinnipedia,  since 
;hc  nuixilloturbinal  bone  lias  the  s:imo  anterior  development  in  that  group. 

In  searching  for  definitions  of  tlie  familici*,  it  is  necessary  to  be  precise 
IS  to  the  definition  of  terms.  The  meaning  of  the  word  sectorial  is  in  this 
:ounection  important,  since  there  are  so  many  tninnitional  forms  be- 
tween the  sectorial  and  tubercular  tooth.  A  sectorial  tootli  then  of  the 
ipper  jaw,  is  one  which  has  at  least  two  external  tul)ercles,  wliich  are  the 
:hc  homologues  of  the  median  and  posterior  lobes  of  the  sectorial  of  the 
2at.  By  the  flattening  and  emargination  of  tlieir  continuous  edges,  the 
Mjctorial  blade  is  formed.  One  or  two  interior,  and  an  anterior  lobe,  may  or 
may  not  exist.  In  the  genera  of  the  Procyonidfr,  except  in  Bansaris,  the 
:wo  external  tubercles  do  not  form  a  blade.  The  inferior  sectorial  tooth 
liflcrs  from  the  tubercular  only  in  having  an  anterior  lobe  or  cusp,  which 
belongs  primitively  to  tin?  interior  side.  The  inferior  sectorial  teeth  with 
large  heels,  as  in  Viverridic  and  Canidrt',  I  liave  called  tubercular-secto- 
rials.  The  sectorial  blade  is  formed  l)y  the  union  and  emargination  of  the 
iMlgcs  of  the  anterior  and  the  principal  external  cusp.  This  blade  is  not 
well  developed  in  the  genus  CifnogaU  and  still  less  in  the  Prort/onida  and 
Crnida,    The  families  are  then  defined  as  follows. 

llYl'OMYCTEIil. 

L  Ko  sectorial  teeth  in  either  Jaw. 

Toes  5-5 Cercolcptida. 

n.  Sectorial  teeth  in  both  Jaws. 
a.  Toes  5-5 

/9.  No  alisphcnoid  canal.  ' 

True  molars  I Procyonida, 

"      I AIustilidcB. 

fi^.  An  alisphenoid  canal. 

Molars  quadrate,  I Adurida. 

Molars  longitudinal,  } Urnid<r. 

aa.  Toes  5-4  or  4-4. 
Sectorials  well  developed,  an  alisphenoid  canal Canida. 


L  Kiduiliqilodonb 
Tom  R-4 ;  no  aUqihoiuM  ouutl 

n.  Molui  banodon^  no  MofanfalB. 
'AMilF-SiUiftUapbencrid  cuu} JrdUtla. 

nL  Hol&n  bunodont,  vlth  HctoiUa. 
c  Otic  boUft  wf  Oi  Mptnm. 

j9.  AliBpbenold  cuul  utd  portgJenoM  IbiaiMB.  frawt 
^.  Tme  molUB  well  dsrolopecL 

TowK-B TlNrrilK 

■niMB-i OInMta 

Toeal-4 

^.  True  molaa  much  reduced. 

Toe«B-» 

Toei5-4 ».... 

^^,  No  allapbe&old  omal;  pott  glencdd  finuHD  radlm 

TooelM IHtfc 

aa  Otic  balU  without  Mptnm. 
No  Kllaphenold  canal,  nor  po(t  glencdd  fonmen  :  Toet  4-L i^pMtfl 

The  genera  of  Ibew  fiuuUIes  ue  the  following : 

CKBCOT.BPTIDA  ;  CfTMlqitCf  KeotToplc&L 

Pbootohida  i  iVpeyM),*  f  awoHflyon,  BoMorfi ;  Heullc  and  VboH^ 
ical. 

HusTELtDiS  ;  Mclinte  (two  tubercles  of  InternAl  side  of  superior  w- 
torial)  ;  Taii(U<i,  Melen.  Muareliofe,  (one  Internal  tubercle  of  superiortN- 
toriala) ,-  Enbydrit,  Pttronara,  Lulra,  Aonyz,  Barangia  j  ReUtUl,  ZotSSa. 
Mephilit,  Conepatu*  ;  Meliivora ;  Oul/i,  OalictU,  Putoriu*,  Muttda. 

^LUitiD.«  ;  Aelitru»;  uSlnropodt  f  tfgcmarctot. 

Urhid.k  ;  Helnreloi;  ArclotheHuin  ;  Ui-tus ;  Melurtui. 

Canid^  ;  ifigaliriii]  ;  Aiiipkieyon  ;  Tbout,  Ftdaocyon,  Tcmnce)ion,  (W"- 
eynvt,  Cunit,  Vutpct,  Enhyiiroeyon,  llyanocyon,  Braehycyon,  T<mstMi. 
Spealkui,  Syaagoda»,  Dytodvi,  Otigobunit,  lelieyon,  Lyeaon. 

Puotei.idjb;  Protetei.    Ethiopian. 

AilCTiCTiD.«  ;  Arctictit.     Indian. 

ViVEHitiD*:;  Cyiia'jtiU.  Arcloi/nlr,  I^guma,  J^rathxunu,  Jfasrfi"'*. 
JIt.mignlf.  OnUiUn,  Prio>ii,doi,,  Gi-i.tU'i,  Vieerricula.  Vieerra.  OaUHdk 
Ili.rpeales,  AUinhiT,  C-logiile,  Ickiicvmin.  BdrognU,  Una,  TaniofaU,  0>r 
yckogiile,  Uelag-ile,  Rliiiiognte.  .Vuiiyog.  OrottariJiUi,  Euplrret. 

Cv.siCTiD.K  ;  CyiiirtU.  f  MUhfrinn. 

SomCATiD*; ;  S'irifit'i  ;  Elliiopia. 

CRTPT0rBOCTiD.«  1  PrweluniK  ;  Crypiopraeta. 

NmiiAVtD*  ;  Are/ialiirui,  A'iiaraciK,  jSturogalt;  Dinietit,  Pogoui^'^ 
Hophphoneug. 

"  Inolmllng  Kaiua,  which  H  not  .llsHnOt. 

fTbla  genUH  cuiiiiot  be  madu  the  1y|ia  oru  family  aa  la  done  by  Dr.  linj. 
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lidjr;  Machoerodontinse ;  Mdckcerocha,  SmUodan;  Felinse ;  PtethaH- 
g.  n.)*   Oatolynx  ;  Felis  ;  NeofeUs  ;  Uneiii,\  Lynx,  CynaiuruB, 
iKNiDiF.,  ffycmiciit,  Hyama,  Crocuta. 


Stated  Meeting,  Oct,  6th,  188iB. 

Present,  12   members. 

Dr.  Crksson  in  the  Chair. 
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request  for  missing  numbers  in  the  set  of  the  American 
Dsophical  Society  Transactions  and  Proceedings  in  the  li- 
V  of  the  Geological  Survev  ot  Canada,  was  referred  to  the 
arian  to  rci>ort  at  the  next  meeting, 
^nations  for  the  Librarv  were  received  from  the  Acade- 
at  St.  Petersburg,  Amsterdam,  Turin,  and  Rome;  Swed- 
Jureau  of  Statistics;  Christiania  University;  Royal  Danish 
3ty ;  Jioyal  Observatory,  Turin ;  Zoologischer  Anzeiger, 
sig ;  Revue  Politique,  Paris;  Meteorological  Council,  and 
ire,  London ;  Geological  Society,  Glasgow ;  M.  Douw 
itfall,  Montreal;  Natural  ilistory  Society,  Boston;  Anieri- 
Antiquarian  Society,  Worcester ;  Anicrican  Philological 
►ciation;  Free  Public  Library,  New  Bedford;  American 
nal.  New  Haven ;  N.  Y.  Meteorological  Observatory ; 
ah)  Society  of  Natural  Sciences ;  K.  M.  Mil^hjuiu  of  Geology 
Archfcology,  Princeton ;  Franklin  Institute,  College  of 
'macv,  Pennsvlvania  Maseum  of  Industrial  Art,  and  E.  A. 

pe,  Ji^elia  jtlanieeps  viff.  Ilorof.  (/hiir.  Second  (first)  »ui)orlor  prciiiolur  two 
1:  orbit  clo^ied  behind;  pupil  round. 

.  Wortman  litis  called  my  attention  to  a  character  of  thi>*  fjrenufl  which 
ms  ItH  separation  from  FcIIm,  as  I  proposed  in  1M7'.).  The  maxilloturbinal 
is  less  complex  in  the  gonuH  Uncia,  than  In  Fells,  conslAttently  with  a  less 
rnal  habit,  and  less  necessity  for  acute  smell. 
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Barber,  Philadelphia ;  Delaware  Historical  Society ;  U.  S. 
Naval  Observatory,  Census  Bureau,  U.  S.  National  Museum 
and  Fish  Commission,  Washington,  D.  0. 

The  death  of  S.  F.  Haven,  at  Worcester,  Mass.,  in  Sept. 

1881,  was  ordered  to  be  placed  on  record. 

The  death  of  Robert  Briggs,  at  Dedham,  MasR.,  July  25, 

1882,  aged  about  55,  was  ordered  to  be  placed  on  record. 

Mr.  Lewis  read  a  paper  on  the  Terminal  Moraine  in  Penn-    , 
sylvania. 

Mr.  Chase  communicated  a  sixth  series  of  Photodynamio   ^ 
notes. 

Mr.  Cope  described  a  new  synthetic  form  of  Laramie  Ore — - 
taceous  mammal,  Meniscolssus  conquistua^  the  first  mamma 
species  discovered  in  the  Cretaceous. 

Nominations  964-968  were  read,  and  the  meeting  was  a 
joumed. 


Stated  Meeting,   Oct,  SOth,  188f8. 
Present,  12  members.  • 
Mr.  Fraley,  President,  in  the  Chair. 

Kev.  Dr.  Bobbins  was  introduced  to  the  presiding  officer  aKiad 
took  his  seat. 

Letters  of  envoy  were  received  from  the  New  Zealand  It  "w- 
seum,  Howard  Coll.  Observatory,  the  N.  H.  S.  at  Bambex"^, 
and  the  Dept.  Int.  U.  S. 

A   letter  acknowledging  Proc.  No.  109,  was  received  from 
the  Danish  S.  of  Sciences. 

A    letter  from   Mr.  Jos.  D.  Weeks,  of  the  Census  o^^ 
Washington,  requesting  No.  87,  was  received. 

A  letter  from  Mr.  A.  Ramsay,  office  of  the  Scientific  RoU» ' 
Red  Lion  Court,  Fleet  street,  London,  requesting  exchaog^^ 
was  received,  dated  Oct.  5th,  1882. 

A  letter  from  the  "  American  "  was  read. 

A  letter  from  the  Department  of  the  Interior  was  reoeiM 
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re*<I>ecting  spare  copies  of  tbo  Census  Reports  of  1860  and 

I_>onatioa<«  for  the  Library  were  auuounced  from  the  New 

Z*3ialaiid    Institute;  Sydney   Department   of  Mines;  M.   Bar- 

!:i,xi  Je  :  Aug.  Tiscbner;  L.  Eiitimeyer ;  the  N.  H.  S.,  Bamberg; 

tilt*   Ciazetta  Numismatica,  at  Como ;  Revue  Politique  ;  Revista 

Kiis^kara  ;   Ix)ndou  Nature,  C,  W.  King  aud  C.  Piazzi  Smyth; 

\\i^^:s     Massachusetts  Historical   Soc^iety;  Harvard  College  Ob- 

-iiT  Niitory ;  N.  J.  Historical  So(»ie1y;  Peimsylvania  Historical 

^  >vicly  :  Journal  Medical  Scienc^es ;  Smithsonian  Institution; 

^  -    S.  <ieological  and  Geographical  Survey,  Signal  Service  and 

Lci I isus  Bureaus,  and  Surgeon  General's  office;   University  of 

^  '^  T-giuia;  American  Journal  of  Forestry  at  Cincinnati ;  Ameri- 

*-'*^  ^  1  Antiquarian  at  Chicago  ;  Mexican  National  Observatory, 

•^'  ^*  I  a  copy  of  Herrera  in  four  volumes  from  the  library  of 

^^^  late  Dr.  Allen  Voorhees  Lesley,  of  NeTV"-  Castle,  Del. 

M'he  death  of  Mr.  John  Dowues  at  Washington,  Sept.  27th, 
^cri^d  84,  was  announced  by  tiie  Secretary. 

"i'lic  death  of  l)r.  Fri6drich  Wohler,  of  Gottingen,  Sept. 
-•-•O,  aged  82,  was  announced  by  letter. 

IJr.  Horatio  C.  Wood  offered  for  publication  in  the  Tram^- 
^^t  ions  a  memoir,  entitled  "  On  the  nature  of  Diphtheria,  a 
*'*iriical  and  exj)erimental  research,  by  Di*s.  H.  C.  Wood  and 
'1.   F.  Forncad." 

On  motion  it  was  referred  for  examination  to  a  committee 
'^'' insisting  of  Drs.  Horn,  Ruschonbcrger  and  Henrv  llarbihorne. 

Commodore  E.  Y.  McCaiilev  offered  for  publication  in  the 
-*■  *'uiisactions  a  Dictionary  of  tlic  Kgyptian  language. 

<.)n  motion  it  was  referred  for  cxaminution  to  a  committee 
Consisting  of  Mr.  Leslov,  Dr.  LeCoute,  1M-.  Robbins  and  Mr. 
Phillips. 

Prof.  I.  C.  White's  commuuicaiiou  ow   the  <.ieolo'.iv  of  the 

^  »• 

^■^^leat  river,  in  West  Virtrinia.  was  read  l)v  the  Secretary. 

Prof  C.  W.  CljiyiH)lcV  notes  ou  the  Commingling  of  fossil 
*^rtus,  the  discovery  of  IIoloptychiu6  A/tif:ricanus  low  in  the 
Chemung,  at  T^roy,  in  BrotinDnl  Co.,  Pn..  and  on  a  mistake  in 
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the  Geological  map  of  Bradford  Co.,  were  read  by  the  Secre- 
tary. 

Mr.  Lesley  described  some  recent  observations  of  the  amoiinl 
of  ice  erosion  along  the  crest  of  the  Kittatinny  mountain,  west 
of  the  Delaware  Water  Gap,  by  Prof.  H.  C.  Lewis. 

Prof.  Cope  communicated  a  catalogue  of  twenty-eight  new 
species  entitled  "Synopsis  of  the  Vertebrata  of  the  Puerco 
Eocene  epoch,"  and  a  paper  "  On  the  systematic  relations  ol 
the  Carnivora." 

On  motion  the  deficiencies  in  the  set  of  American  Philo- 
sophical  Society  in  the  library  of  the  Geological  Survey  of 
Canada  were  ordered  to  be  supplied. 

On  motion  of  Mr.  Phillips  the  President  was  requested  to 
I)repare  a  minute  of  the  Bi-Oentennial  Celebration  of  tlie  set- 
tlement of  Pennsylvania,  to  be  embodied  in  the  records  of  the 
Society. 

Pending  nominations  Nos.  964  to  968  were  read  and  ballot- 
ed for,  and  new  nomination  No.  968  was  read. 

On  examination  of  the  ballot  boxas  by  the  presiding  offi^*^^' 
the  following  were  declared  duly  elected  members  of  ^^ 
Society : 

4' 

Charles  Kan,  M.  D.,  Curator  U.  S.  Museum,  Washiugto*^- 

Garrick  Mallerv,  Lieutenant-Colonel  U.  S.  A. 

Hermann  Kopp,  of  Heidelberg  University. 

Keinhardt  Blum,  of  Heidelberg  University. 

Gustaf  Tschcrmak,  Director  Geol.  Reichsanstalt,  Vienn^^  ^ 

And  the  meeting  was  adjourned. 


iij  4*9  IWhlte. 

NoU$  on  ths  Geology  of  Weti  Virginia.    By  L  0.  White. 

(Bead  before  the  American  Fhilosophical  Society,  October  tO,  1882.) 

e  Geology  of  the  Cheat  river  Canon  along  its  course  through  Laurel  Bill  and 
jfhestnut  Bidge,  hetu>esn  AlbriglU  (near  Eingwood),  in  Preston  county,  and 
Tee's  Ferry,  in  Aiotiongalia  county. 

The  material  for  the  present  paper  has  been  gradually  accumulated  on 
188  excursions  from  the  University  during  tlie  last  five  years. 
Cheat  river  takes  its  rise  on  the  summit  of  Ihat  great  plateau,  near  the 
kodolph-Pocahontas  line,  from  which  so  many  large  streams  radiate  to 
pry  point  of  the  compass,  the  Elk,  Greenbrier,  James,  Potomac,  Monon- 
hela  and  Cheat,  all  having  the  source  of  tlieir  principal  branches  on  this 
ktcau  at  an  altitude  of  more  than  3000  feet  above  the  sea. 
From  this  elevated  divide,  several  branches — ^Dry,  Laurel,  Globe  and 
aver's — flow  northwanl  in  narrow,  parallel  valleys,  into  the  southern 
rtion  of  Tucker  county,  where  meeting  Black  Fork  fVom  the  north-east, 
3y  unite  to  form  the  main  Cheat  river  which  with  many  windings  con- 
ues  its  general  course  almost  due  north  to  Albright,  the  south-eastern 
lit  of  the  district  under  examination.  Here,  however,  it  veers  to  the 
nil  west  and  maintains  that  general  direction  for  the  next  twenty -five 
les  to  Ice's  Perry,  in  Monongalia  county,  where  it  again  veers  north 
d  unites  with  the  Monongahcla  river  just  north  from  the  W.  Va.-Penna. 
le. 

A.t  Albright,  the  channel  of  the  river  is  in  the  bottom  of  the  syncline 
tween  the  Viaduct  and  Laurel  Hill  axes,  and  its  north-west  course  for 
enty-flve  miles  carries  it  squarely  through  Laurel  Ilill,  Chestnut  Ridge 
d  the  great  synclinal  plateau  between  them.  Throughout  this  twenty 
les  (about  twenty-flve  by  the  river).  Cheat  river  flows  in  a  wild  ciifion 
t  down  1000^-1500'  below  llie  summits  of  the  Imrdering  mountains  whose 
pe*  arc  so  rocky  and  preripitous  that  but  a  single  human  dwelling  is  in 
ht  along  the  river,  from  where  one  enters  the  canon  below  Albright, 
til  he  emerges  from  it  near  Toe's  Ferry. 

^u  Great  Conglomerate,  or  No.  XII,  carrying  the  Loxcer  Coal  Measures 
Its  top,  cn)wns  the  steepest  portion  of  the  cafion  throughout  its  entire 
gth,  and  its  immense  boulders  constantly  block  the  narrow  channel  of 

river,  tiius  giving  a  wilduess  and  gnindeur  to  the  scenery  unsurpassed 
'''where  along  the  course  of  this  famous  stream. 

^ut  unrivaled  as  is  the  scenic  beauty  of  this  canon,  it  presents  still 
fiter  attractions  for  the  geologist  in  the  splendid  natural  exposures  of 

Grmt  Conglouicrate  and  Stcb-carbtonferous  rocks  that  it  afiords  ;  for 
ler  {]n*  arches  of  Laurel  and  Chestnut  Ridges  one  may  find  many  almost 
An  exi>«»3ures  from  the  top  of  No.  XII  down  nearly  to  the  base  of  No. 

To  place  some  of  these  magnificent  sections  before  those  interested  in 
flionifcrous  geology  is  the  principal  object  of  this  pax)er,  and  in  order  to 
■omplish  this  systematically  we  shall  begin  with  the  section  at  Ice'g 
iTy,  and  pass  soutli-eastward  up  the  Cheat  river  to  Albright. 
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At  this  ferry,  the  road  leading  from  Morgantown,  W.  Va.,  to  Union- 
town,  Pa.,  crosses  the  river  which,  emerging  from  the  cafton  of  No.  XII, 
one  mile  above,  now  flows  between  low  hills  of  the  Barren  me<utire9  with  ^ 

the  Mahoning  sandstone  making  bold  cliffs  along  the  immediate  banks 

About  one-fourth  mile  above  the  ferry,  a  small  stream  puts  into  the  west         , 
bank  of  Cheat  over  the  Mahoning  sandstone  clifls,  and  descending  it  from 
the  Morgantown  road  near  Mr.  Bayles,  the  following  succession  may  be 
seen,  Sec.  1 : 

1.  CoaX  {cnnoidal) 1' 

2.  Shales,  gray 10' 

3.  Shales,  red 25' 

4.  Shales  and  concealed 45' 

5.  Shales,  brown,  sandy 1(H 

6.  Coal,  BakfTStoton 2'^ 

7.  Sandy  shales  and  shaly  sandstone 50' 

8.  Upper  Mahoning  sandstone,  very  massive  and  pebbly.  30' 

9.  Shaly  sandstone,   intermingled  with  slaty  coal  and 

representing  Brush  creek  coal  of  Pennsylvania. ...  8' 

10.  Sandy  Shales 7' 

11.  Lower  Mahoning  sandstone,  visible 85' 

12.  Concealed  to  level  of  Cheat  river 10' 

No.  1  is  tlie  coal  which  so  frequently  occurs  directly  under  the 

Crinoidal  limestone  in  south-west  Pennsylvania  and  the  adjoining  regioi 

in  West  Virginia.     It  is  quite  impure  and  is  well  exposed  at  the  roed«id*        ^ 

some  distance  north-west  from  Mr.  Bayles*. 

No.  3  is  the  very  persistent  bed  of  red,  marly  shales  which  so  constant— ^p 
underlie  the  Crinoidal  limestone  in  Pennsylvania  and  West  Virginia,  t^^^n 
retaining  their  place  unfailingly  in  the  series  when  the  latter  disappear^as. 

The  BakerHowji  coal,  No.  6,  occurs  along  the  Morgantown  road  neartl:a.e 
toll-gate  at  Mr.  Bayles*,  and  is  of  fair  quality.     I  have  identified  it  wi^ii 
the  coal  bed  occurring  100'  below  the  Grinmdal  Utnestone,  described  a8tt|« 
BnkerstoiPJi  coal  in  my  Report  Q,  on  North  Allegheny  county,  Pennsylvaa  i**- 
These  coals  of  the  Barrens  are  of  course  sporadic  and  irregular  in  distri- 
bution, and  their  identification  over  wide  areas  would  seem  at  first  thougla^ 
hazardous  in  the  extreme,  but  as  the  principal  beds  always  come  in  at  c^^' 
tAin  well  defined  stratigmphioal  horizons  there  can  be  less  objection  ^^ 
such  identification  than  to  a  constant  multiplication  of  local  names  to  rep^' 
sent  the  same  geological  horizon,  hence  as  the  coal  in  question  co^ 
about  100'  below  the  Crinoidal  limestone,  I  have  thought  it  preferable  t<^  ^** 
the  Bakerstown  naiiKi  even  though  the  coal  marshes  in  which  each  ^ 
fonned  may  never  have  been  connected  with  one  another. 

The  Upper  Mahoning  sandstone.  No.  8,  is  very  conglomeratic  at  thl^ 
cality,  so  much  so  that  it  was  once  extensively  quarried  for  mill  stoned 
the  opposite  side  of  th(i  river.  ^ 

Tlie  Brush  cre^k  coal  is  feebly  represented  in  the  Bection  by  a  bed 
black  coal  slate  interstratified  with  thin  layers  of  sandstone,  immedia^^'' 
under  the  Upper  Mahorling  ianditone. 
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Tlu  LotDtr  Mahoning  Banditone  is  not  pebbly  at  tbis  locality,  and  is 

ther  inclined  to  bu  flaggy,  tbough  some  portions  of  it  are  quite  massive. 

I%e  Upper  Freeport  eoal  lies  about  10'  below  tbe  level  of  Clieat  river  at 

e  montli  of  Bayles'  run,  wbere  our  section  ends.     On  tbe  east  bank  of 

«  stream,  it  rises  above  drainage  and  was  once  mined  as  fuel  for  tbf> 

F^SBurel  Iron  Works,  situated  ono-half  mile  below.    The  coal  ia  reported 

fV:>  vr  feet  thick  and  of  good  quality. 

In  passing  up  the  river  south  ^eastward  fW)ni  the  ferry,  the  rooks  rise 

v^  ^  ry  rapidly  toward  the  C/iestnyf  Ridge  aarw,  and  the  top  of  No.  XII  makes 

it  ri    appearance  above  river  level  in  n  massive  dam -like  wall,  just  below 

N  W  «-.  Ley's,  and  not  quite  a  mile  above  the  ferry. 

The  intervening  Lavoer  Coal  Aletuntres  are  not  well  exposed,  being  con- 

o^r^sftled  by  the  immense  heaps  of  talus  under  the  olifls  of  Mahoning  sand- 

ne,  but  a  vertical  measurement  from  the  outcrop  of  the  Uppfr  Freeport 

I  where  seen  along  the  Bruceton  turnpike  opposite  Mr.  Ley's,  down  to 

t  t-i.  €2  top  of  the  Xo.  Xn  Conglomerate  makes  tlieir  thickness  250'.     The 

f^  ri  ly  coaU  in  these  measures  here  are  the  Upper  Freeport,  and  one  that 

<*<^me8  about  160'  below  it,  being  lJ'-2'  thick,  and  very  excellent  coal.    It 

is*    either  the  Middle  or  Low&r  Kitlnnning,  most  probably  the  latter. 

C -ontinulng  on  up  the  river  above  Mr.  Ley's,  the  rocks  rise  about  400'- 
•W50'  to  the  mile,  and  bring  the  top  of  the  Mnnch  Chunk  shalea  (No.  XI) 
a>>ove  river  level  at  the  mouth  of  Quarry  run,  a  small  stream  that  empties 
Into  the  east  bank  of  Cheat,  one  mile  and  a  half  above  Ice's  Ferry.     It 

cvits  a  fine  exposure  through  No.  XII  and  in  dosronding  to  the  river  along 

itA  right  bank  this  section  was  got.  Sec.  2  : 

1.  Sandstone,   massive,    Homcwood,   top    uf 


xn. 


25' 


I. 

ft. 


2.  Concealed 40' 

3.  Very  massive  pebbly  sandstone 75' 

(coal  0'  10"  ^ 

sandstone  0'    3"  >  Quakertown  coal?     V  4" 
coal  0'    3''^ 

5.  Black,  slaty  shale 10' 

ft.  Sandstone,  gray,  mai^sive 20' 

Shale  vnth  streaks  of  coal 1 ' 

Sandstone,  grayish -white,  massive,  base  of 

No.  XII 15' 

11.  Shales,  green,  containing  I.    (>.,  top  of 

No.  XI 20' 

10.  Red  shales 10' 

11.  Greenish  sandy  shales  and  tla^iry  sand- 

stone    GO' 

12.  Concealed  to  mouth  of  old  oil  well  boring.  25' 
in.  Flaggy  sandstone  and  shales  (Mr.  Ley's  . 

authority)  in  oil  boring 185' 

14.  Limestone,  Uttihral,  Mountain,  dtc 85' 

15.  Sandstone,  ( Vespertine,  No.  X)  to  bottom 

of  hole TOO' 


-1 


(f 


-  1 


4  r 


c 

3 


:{0' 


■ 

J 
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The  section  of  Xo.  XII,  obtained  at  this  locality,  is  quitb  intercBtin  .M=Kng 
from  the  fact  that  it  reveals  this  series  much  thinner  than  it  had  alwars^^  -ys 
been  estimated  on  Cheat  river.  Owing  to  the  difficulty  of  finding  e3^P^  -^^x- 
poBurcs  at  the  immcMliate  base  of  No.  XII,  much  of  the  underlying  ma^s  .mis- 
sive rock  in  tlie  Maurh  Chunk  shales  has  heretofore  been  included  ii.  S  in 
No.  XII  on  Cheat  river,  thus  giving  it  a  thickness  of  300'-350'.  Th-  -«- Ae 
above  section  shows  the  true  base  of  No.  XII  in  an  unmistakable  manners  ^r, 
and  shows  that  this  serii^s  has  a  thickness  of  only  180'  at  the  locality  \m  m  in 
question. 

The  uppermost  member,  No.  I,  which  corresponds  to  the  Ilomnrood  Sf^r^^  ^S. 
of  the  Penna.  Survey  rcjiorts,  is  a  very  massive,  grayish-white  rock,  malss-C  -aIc- 
ing  a  bold  cliff  around  the  mountain  side,  20  to  30  yards  back  from  No.  3E^  3, 
from  which  it  is  soparatrd  by  a  concealed  interval  of  40'  at  this  localiti^-^^  "v. 
This  No.  2  is  probably  a  shale  or  flaggy  sandstone  interval  and  may  possr  -aBs^aj. 
bly  contain  a  small  coal  bed,  since  the  Mercer  serUs  of  Penna.  is  due  it  i  in 
this  horizon. 

No.  8  is  the  conglomenite  portion  of  No.  XII  and  is  seen   in  one  iinr'*'  n- 
mense  overhanging  cliff  along  the  right  bank  of  Quarry  run.    It  ii  • 

grayish-white  rock,  often  exhibiting  a  bulILsh  tinge,  and  contains  man^  -aj 
quartz  pebbles  scattered  in  layers  throughout  its  mass,  being  largest  an(^  ^d 
most  numerous  in  the  uppermost  25'.  None  were  seen  larger  than  chesV  ■st- 
unts. 

This  stratum  would  seem  to  harmonize  with  the  Upper  Connoqusneuin 
sanMouf  of  the  Conqlomerate  stru's  in  western  Pennsylvania.  It  is  th. 
great  cliff  rork  along  the  Cheat  river  cafion. 

Immodisitt'ly  below  this  last  stratum,  there  comes  a  very  interegtin  .^g 
little  hetJ  of  cnnl  which  is  (juito  persistent  for  many  mile^  along  Che-at  riven  r, 
being  gencnilly  scjpanited  into  two  layers  by  a  thin  sandstone  or  shale  <s 

shown  in  the  section,  and  always  underlain  by  a  thick  bed  of  black,  fissi  le 

slate.  Tlio  bed  is  fully  exposed  for  a  distance  of  200  yards  at  the  base  ^^™)f 
the  great  elif!  along  Quarry  niii.  and  its  variations  are  there  beautiful  ly 
shown.  Occasionally  the  sandstone  comes  down  and  cuts  it  out  entire  ~Ir 
for  a  few  feet,  but  It  sudilenly  comes  in  again  at  the  same  horizon.  It 

never  gets  thicker  than  2'  and  seems  to  be  quite  pure,  simulating t  ^e 
"block"  coals  in  i)hysical  aspect.  Since  it  appears  to  come  at  the  sa^  nc 
geologie^il  horizon  as  the  Quakcrtoirn  r<?a?  of  Lawrence  Co.,  Pennsylvan  ^• 
I  have  doubtfullv  referred  it  to  that  bed. 

.\  diligent  searcli  was  made  in   the  hUicJ^  shale.  No.  5,  for  fossil  pW^^^    '*• 
but  as  yet  none  have  Ijeen   found  except  some  macerated   fragments 
Cordtu'tei*. 

Nos.  G-S  seem  to  represent  the  f.oirer  Cornnoquenessing  88,  of  Pen'^  ^■' 
the  older,  S?otron  citKtjhnturate,  being  in  my  opinion  unrepresented  iu  ^ 
section. 

In  ])asslng  from  No.  XII  to  the  rocks  of  XI,  there  is  a  woncierful  chft*^-^. 
in  the  lithology  of  the  rocks,  the  massive,  coarse,  grayish  white  bed^ 
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[  being  replaced  by  a  green  sandy  shale  which  the  geolo^t  instantly 
ognizes  as  belonging  in  the  siibcarhonifcrous  beds.  The  junction  of  XII 
I  XI  is  finely  exposed  for  several  rods  at  this  locality,  and  the  former 
tns  to  rest  with  a  slight  unconfoi*itnty  on  No.  XI.  In  the  top  of  No.  XI, 
he  horizon  of  No.  9,  occur  valuable  deposits  of  iron  ore  all  along  the 
3at  river  mountains  on  each  side  of  Chestnut  Ridge,  and  they  were 
tncrly  extensively  mined  and  used  at  the  Henry  Clay,  Laurel,  Green 
ing  and  other  furnaces.  It  is  luiown  as  the  '*Simher,''  and  **  Maun- 
I  "  ore,  and  was  mined  by  both  drifting  and  stripping,  the  bed  some- 
es  attaining  a  thickness  of  2  feet. 

Vere  there  any  doubt  about  No.  9's  being  the  top  of  XI,  No.  10  would 
)1ve  it,  for  red  shale  is  a  factor  unknown  in  No.  XII.  This  red  bed  seems 
liold  a  constant  place  in  the  Mauch  Chunk  series  along  Cheat  river, 
Ing  been  seen  at  this  same  horizon  in  many  localities.  The  section 
u  No.  13  down,  was  given  me  by  Mr.  Ley,  who  assisted  in  drilling  a 
1  for  oil  near  the  moutli  of  Quarry  run.  As  will  be  seen  from  the  sec- 
1,  it  makes  the  Maiich  Chunk  shale  300'  thick,  and  the  Mountain  Limo- 
Qe85'. 

To.  15,  is  very  probably  not  all  No.  X,  but  the  lower  xwrtion  doubtless 
etrutes  the  Catskill,  or  Chemung,  if  the  former  be  absent  as  Prof, 
venson  claims. 

ti  passing  up  Cheat  river  from  the  mouth  of  Quarry  nm,  the  rocks  rise 
te  rapidly,  and  at  one-half  mile  south-east  from  the  locality  of  the  last 
:ion,  all  of  the  Mauch  Chunk  shale,  and  nearly  half  of  the  Mountain 
U8ton€  have  appeared  above  water-level,  where  on  the  left  bank  of 
3at,  they  reveal  this  succession  (Sec.  3)  : 


1.  Sandstone,  current-bedded 10' 

2.  Concealed 15' 

3.  Redshale 10' 

4.  Limestone,  fossil iforous,  impure 8' 

5.  Shales,  red  and  green 15' 

6.  Shales,  marly 5' 

7.  Limestone,  grayish-white,  massive 25* 

8.  Shale,  calciireous,  vcrv  fossiliferous 1' 

9.  Limestone,  massive,   gray,  to  level  of  Cheat 

river  (850'  A.  T.  by  Bar) 16' 
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Thia  little  section  is  interesting  from  the  fact  that  it  exhibits  a  structure 
tlie  basal  iH)rtion  of  the  Mauch  Chunk  shale,  which  is  quite  common  in 
y«tte  and  Westmoreland  counties.  In  those  counties  Prof  Stevenson 
e  Repts.  KK,  and  KKK  2d  (Jeol.  Survey  of  Pa.),  finds  owd  and  sometimes 
^^hin  Umt  stones  several  fi:et  above  the  base  of  the  Mauch  Chunk  shale,  and 
-  same  feature  is-presunt  all  along  the  Cheat  river  Canon,  as  far  up  as 
»>*ie8burg  at  least,  wlien^  I  find  three  thin  limestones  within  an  interval 
70'  aboce  the  Mountain  Limestone.     (See  The  Virginias  for  July,  1882.) 

I'BOC.  AUEB.  FUILOS.  SOC.  XX.  112.  31.      PRINTED  MOVEMBKB  20,  1882. 
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The  UmeiUme,  No.  4,  of  the  ahove  section,  is  quite  impure,  having  a  bnc 
dated  appearance,  and  is  fossilifcrous,  8pirifer$  and  ProducH  being  etipe 
cially  numerous.  No.  7  was  once  extensively  quarried  at  this  locality,  and 
used  for  flux  at  the  old  chnrcdal  furnaces  near  Ice's  Ferry.  It  is  quit 
pure,  making  a  beautiful  white  lime  much  valued  for  plastering  purpoMi 
It  is  possible  that  some  portions  of  the  stone  might  be  successfully  cm 
ployed  as  u  flux  in  the  manufacture  of  glans. 

The  thin  calcareous  shale,  No.  ft,  is  a  perfect  mass  of  fosciils,  amoD^ 
which  AllorUma  chirnta,  Hfmipronites  rroasnf,  Athyris  subtHita,  A.  iubgw- 
drata^  Spirifer  Keokuk,  ProducVis  cor  a,  :ind  Criuoidtil  frngmtnta  are  mosl 
numerous. 

Continuing  south-eastwards  up  the  river,  the  rocks  still  rise  with  grvai 
rapidity,  and  at  one  mile  and  a  half  above  the  last  locality,  only  2}  mile* 
from  whf^re  tin;  lop  of  No.  XII  first  emerges  from  the  bed  of  Cheat,  wpgft 
1  ho  following  succession  in  descending  the  almost  vertical  wall  m\h: 
right  bank  of  the  river  (Sec.  4)  : 


20' 

80' 

No.  xn 

20' 

1«.V 

45' 

20' 

10' 

165' 

52 

.",0' 

y  -JUV 

m' 

2.V 
15' 

•* 

o.')' 


1.  Very  massive  pebbly  sandstone 

2.  Concealed 

3.  Sandstone,  massive,  coarse 

4.  Concealed 

5.  Shales  and  concealed 

«.  Red  shnlf 

7.  Sandsioiif,  irrc(Mii"?li,   (Mirront-bedd(Ml 

P    /iV<7,  aii'l  'jr»'cii  -liMlfs  Jinrl  concealed 

0.   Lirn^s*i-'i.  iMipiiM- 

10.  ShiilfS.  '^ifiMi  :iiiii   ri'i.l   

11.  Fl.-iciry  .-.iii(l>t<Mitf  arnl  sliaUis , 

\'l.    }foiiht<n'.'    /'■'-/;  v^l//#.    in   l.'ivjTs    t'-lO'    tliicK 

•!i-p:ir:itiMl  l»y  tliin  ("-ali'arj.'oiis  sliali-s 

i:V  Saiid-%i<MM'.  Ji'H  !y  InmiriMted,  ami  combining 

fi'  f'^'-, .«  -■/" .'///'» tf'i/f' 

n.   '*  Silii  imi-  liii'.i-inni','*  sriayisli-wliiti' 

IT)    >aii"i-'"ii'-.  flaj:i;y. 

l'"*!.  Saii'l-'-'H'-  nia>'«i'.  •■,  |i('li!»ly.  <Min"«'iii  iMMlded 
1  7    ^'oiic  i-'-l  ■"  li'V«'l  lit"  (  h'-.r  rivi-r  (><7r>  A .  T.  > 

I  li:i\'  [ili'»'i  'ill'  li.ii-i.-  (if  \<i.  X 11  in  ilii-i  si'ftion.  l/)' |i»*-ii\v  ''■'  " '■ 
rif  ill*'  i(>!ic«-il< '!  iii:«'iv:jl,  '-ini''"  ili«'  li:iii«l  of  n'i  nho^f.  No.  6.  isrviiec--' 
i'l'-nti<-al  witli  i ii'-  mh.-  in  ^ic  •?.  w  liii  h  i-orncs  'J'V  ]k-1ow  tlir  l":i>»'of  XII.  T^'-'" 
"i  v»-s  a  tli:(  Un'--  '>f  '  •'■'i '  t"V  'In-  l:ii  !r>r  ;it  Tlii.>  l'»(:ali!  v,  and  ^uxck:  lu'  -U'l^*^- 
linn  'TiMlf!  rri»iii  ii*-  :.>p  ilic  unmp  when  rnnipli'tf  wnnM  liave  rih^-Jl'l'' 
.Mn.i*  iliiil^n*'--  .'1^  I'll.!!.]  ill  "^(M  .  'J  .  177') 

'Phi'  t/.p.-'  '  ''■■■!■  '>'  •■  t-'-'i-  n].  :i  iliirlvniss  .»f  "ij'.'r)' ai  til*.-'  locsi::'.^ 
wliirh  1.-'  !■■' !i«  If  *i' 1-  ^i^'■Il  l'\  'lie  <'(niil.in»'il  ^«t  I  jcni  and  borlnii  in  J''-'*'- • 
tllOO'-.  tlni'  I  Ik-  ':iit''r  Hijiiro  nun  1m   '.il.rn  as  tin'  avrrai'i' Ihicknc-i?  ">f*--"' 
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along  the  Cheut  river  cnfion  through  Chestnut  Ridge  and  Laurel 

ic  sandstone  in  No.  7  gets  quite  massive  at  times,  and  this  portion  of 

'olumn  makes  a  ji^reat  bluff  along  either  bank  of  the  river,  from  which 

lescent  to  the  stream  ia  almost  vertical  in  many  places. 

s  will  l>e  seen  by  comparing  the  sections,  the  interval  between  the 

ntain  Umeston^  and  tlic  10'  impure  limeitone  above,  is  in  this  section 

double  that  in  Sec.  3.  showing  that  it  is  quite  variable. 

le  Mountain  limestoru.  No.  12.  juts  out  of  the  bluff  in  a  great  clifi  at 

point,  and  was  once  quarried  for  flux  for  the  old  Henry  Clay  furnace, 

ited  near  the  head  of  Quarry  run. 

0.  14  se^ms  to  be  identical  with  the  ''Silicious  limestone"  of  Steven- 

in  Fayett^  and  Westmoreland  counties,  and  is  here  clearly  a  portion  of 

X,  since  10'  of  Pocono  or  Vespertine  sandstone  comes  above  it. 

D.  16  is  a  uuir^sive,  hard,  gray  sandstone.  coutAining  streaks  ot  small 

1K  pebbles,  aud  formin?  an  immense  cliff  along  the  mountain  side. 

Iv>ut  one-fourth  mile  above  the  last  locality,  another  section  taken  on 

same   (east)   bank  of   Cheat  river  reveals  the  following  structure 

.5): 

1.  Massive  sandstone,  and  conglomerate,  making 

lower  half  of  No.  XII 100' 

0.  Concealed 50' \    oSsi 

•'?.  Sandstone,  flaggy,  and  current-bedded 160' 

4.  Layer  of  breccia 2'  (    £- 

5.  Concealed  and  red  shale 40'  i    ^^'^' 

6.  Limestone,  impure , 

7.  Jird  shale,  and  concealed 

8.  Jfou7ttain  limestone,  visible 85' 

9.  Concealed 35' 

10.  *'  SUiciousUmestone,*' ^^'1     , 

11.  Sandstcme,  massive,  pebbly 100'  I  ^^^  ^ 

12.  Concealed  with  flaggy  sandstone  at  base 175'  f 

13.  Concealed  to  Cheat  river  rSS5'  .V.  T. ) 150'  ' 

lis  section  is  but  a  repetition  of  the  preceding  one,  with  slight  varia- 
^,  the  Silicious  limestone  being  here  10'  thick  instead  of  5'.  It  is  a 
t  gray  rock,  containing  possibly  40— *»0  per  cent,  of  lime,  and  would 
0  as  good  pavement  blocks  as  that  from  Westmoreland  Co.,  so  exten- 
ly  used  in  Pittsburgh  and  vicinity. 

b.  4  is  a  curiou.s  layer  of  shale,  iron  ore,  and  sandstone  pebbles  ce- 
lled into  a  matrix  of  impure  limestone. 

he  rocks  still  rise  quite  nipidly  south-eastward  as  we  approach  the 
tinut  JRidf/e  axis  which  crosses  Clieat  river  abmit  one  mile  and  a  quarter 
ve  the  locality  of  Sec.  5. 

bout  one-half  mile  south-east  from  the  locality  of  the  last  section,  a 
11  rivulet  falls  over  the  base  of  No.  XII,  and  completely  exposes  the 
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beds  at  the  juuction  of  No.  XI,  with  the  former,  exhibiting  the  foUov***^^ 
iu  (Icsceudiug  the  steep  east  bluQ  of  the  river  (Sec.  6)  : 


1.  Conglomerate,  very  massive 100'  1  jr     vr^ 

2.  Sandstone,  coarse,  few  pebbles 50'  I       ^^, 

3.  Shales,  sandv,  buflt,  containing  some  I.  O 3<V  f 


J 


»  2»3' 


4.  Sandstone,  massive,  buS 10' 

5.  Shales,  yellow,  and  green,  containing  I.  O. . .  30' 
8.  Sandstone,  greenish,  somewhat  flaggy 140' 

7.  Layer  of  hreccUi,  calcareous 2' 

8.  Sandstone,  green,  flaggy 20' 

9.  Layer  of  breccia,  calcareous 1' 

10.  Shales,  red  and  green 4.')' 

11.  LimcBtone,  impure 10' 

12.  Red  ihales,  and  flaggy  sandstone 45' 

13.  Mountain  limestone 100' 

14.  "  SUicious  limestone,**  and  Pocono  sandstone. .  125'  >  Xo.  X 

15.  Concealed  to  level  of  Cheat  river 450'  $    575' 


-x^ 


I  was  at  first  disposed  to  place  the  line  between  Nos.  XII  and  XI  at  thr*" 
base  of  No.  2  in  the  above  section,  but  the  massive  yellowish  sandstone 
No.  4,  so  unlike  anytliinc:  usually  found  in  No.  XI,  determined  its  base  es 
the  true  dividing  horizon  between  the  two  series.     This  is  also  conflrmcE^    ^^ 
by  the  thicknesses  which  result  from  i)lacing  it  there,  viz. :  180'  for  XII  air^v-  ^i 
293'  for  XI  shales,  which  arc  almost  exactly  the  same  as  found  for  each  /^ 

Sec.  2. 

The  **  SUicious  lifnesio/ic"  is  10'-15'  thick  at  this  locality  and  as  usirri_::;ja/ 
passes  insensibly  into  the  great  sandstone  deposit  below. 

A  few  n)d>^  further  south  from  the  last  locality  another  measurements      of 
the  beds  gave  this  result  (Sec.  7)  : 


1. 

o 

3. 
•t. 
5. 
0. 


7. 

8. 

9. 
10. 
11. 
12. 


Massive,  pebbly  sandstone 150'  ) 

Shales  and  shaly  sandstone,  bufl 35'  > 

Shales,  greenish,  sandy 30' 

Sandstone,  greenish -gray,  flaggy 90' 

litd  and  green  shales 12' 

Sandstime,  greenish,  massive  at  top,  flaggy 

and  shaly  Im'Iow Cm' 

lirecciattd  Unu  stone 2' 

Ucd  aftd  tjrciH  shnhs 25' 

Blue  sandy  shales,  and  green  flaggy  SS. .    .  25' 

LimcftfofH,  iujpure.  f«)ssiliferous 10' 

Red  and  green  shales  and  sandstone 40'  - 

Mountain  Limestone 


No.  xr 

18.V. 


299' 
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(*,)  ?ibiatTe   limestona  in  layers  1'— S'  tliiok, 

sparinglf  foBslllferouB 35' 

(i),  SbtXy  limestone  and  calcareous  shales,  wry 
foasiliferous,  eHpecially  rich  in  Prodiielu», 
Spirifer,  Athyru,  Lophoph;/llttm  and  Ori- 
noidal  eoluinn* 6' 

(r).  Limeittmt,  gray,  goad,  fev  fOMils 40' 

(d),  Sbalea  and  Hmestoiie 35' 


14.  Sandstone,  massive,  pebblj,  current-bedded,  609. 

making  cHffs 100' 

13.  Concealed  til  level  or  Cheat  ri»er 476'. 

ire  the  "  Silicioiu  limealont"  runs  down  into  the  underlying  sand- 
3  ton  depth  or  30' and  finally  fades  into  sandstone  so  impercepUblj 
it  is  imposeible  to  fix  the  line  between  the  two. 
St  alHiTG  this  locality,  about  one-fourth  mile,  the  Ohtitiiut  Bidgt  axit 
les  (7heat  river,  four  and  a  half  miles  from  Ice's  Ferry.  Al  the  latter 
it;  the  top  of  No  Xll.  is  800'  under  the  river,  while  here  at  the  axis 
>p  comes  about  1300'  above  Cheat  river,  or  1400*  higher  than  at  Ice'i 
"y,  since  the  stream  falls  nearly  100'  between  the  two  points. 
are,  at  the  crest  of  ihc  axis,  the  Greai  Con  glome  rule  makes  a  brokd 
gentle  arch,  being  abnost  liorizontal  for  nearly  a  mile  and  a  half.  Its 
;rop  ia  traversed  as  usual  by  great  intersecting  fissures  which  are  uflea 
'4'  wide,  and  separate  the  stratum  into  immense  bloL'ks,  some  of  which 
(ID  a  side,  have  toppled  over  Into  tli'S  Hteeply  sloping  edge  of  Ihe  cafion, 
look  from  a  distunce  as  though  a  slight  push  would  dislodge  them  into 
greut  cliusui  beneath. 

i>e  scenery  along  the  crest  of  this  great  arch  Is  the  grandest  and  mo«t 
•  aresque  to  be  fonud  on  this  river,  famous  for  Us  wild n ess  foradls- 
ce  of  nearly  200  miles.  Theru  are  two  points  fn)m  which  the  out- 
<  is  especially  fine,  one  of  ihese  known  as  Hanging  Cliff  Viea  Is  on  the 
z  tide  of  tlic  river  and  about  one  mile  above  the  locality  of  the  last 
-Ion.  Here  the  river  bends  sli,trply  westward  and  a  long,  narrow 
ge  of  No.  XII.  sandstone,  extends  In  a  bold  cliff  far  out  into  the  mala 
ne  of  the  cailim.  From  this  elevated  ixiint,  Ihe  eye  lakes  inaradiui 
■S  to  30  miles  for  nc;irly  three -qua  rlers  nf  the  horizoii ;  lo  Ihe  south  eut 
looks  up  through  ilm  great  gorges  curved  by  the  river  out  of  Laurel 
I  and  Briery  moiiutain,  to  the  vic-iiiity  o(  Rowlcsburg  (30  miles  dis- 
t),  where  on  a  clear  day,  the  white  puffs  of  steam  and  smoke  from  the 
&  0.  R.  R.  eugines  may  be  distinctly  seen,  as  the  heavily  laden  trains 
.d  up  the  steep  slopes  of  the  All^hanics  to  Cranberry  Summit,  the 
y  peaks  of  whose  surrounding  iiiountHins  loom  proudly  against  the 
izon  :  to  the  west  and  north,  tiio  eye  has  an  unobstnictt^d  view  down 
caKon  and  out  oyer  its  f.ist  receding  walls,  to  the  great  plateau  of  the 


Goal  UManra^  which  tculptuivd  loto  endlan  ftrtu  «(  Ul'  mI  M 
■tntOhM  Kwtj  to  tha  limit  of  vIiIod,  in  d«llghtflil  oontnat  to  lk»ii| 
monnttiiui  on  the  ecMt  Add  to  this  the  wild  duh  of  th«  rinr  wkn 
along  onr  Its  rocky  bed,  more  than  %  tboojuid  foot  klmoit  nril 
balow,  disappearing  in  &  rilrer  thread  fitr  up  and  down  tha  caSa%  nd 
lutTe  a  jriotote  eDcbantlng  in  the  extreme. 

ThB  other  point  is  Brock'i  View,  named  In  honor  of  tbe  Uto  Dr.  ft  T. 
Brock,  of  thtt  W.  Ta.  Unlrerd^,  who  lint  dlaoonred  tba  beaottorfSt 
pMtfaxi  of  the  co&on.  It  i>  on  the  opporite  aide  of  Uw  ilTor  Iha  ' 
Wawgiiig  oilfl,  nearly  one  mile  below,  and  la  actfcsly  lafMor  la  gari 
totlulattar. 

In  deaoesdlng  fo>m  Hanging  OUff  View  to  tlie  rlvor  the  (bUowln(« 
taraiaTtiihl«(8ec8): 

1.  HaulTe  conglomerate 75*  I  He.  m 

S.  Ooncealed  to  base  of  Xn. IW  (1 

S.  Ooncealed IW  1 1 

L  BhalcB,  red,  green,  Ac,  oontdnlng  an  hnpore  i 

Umestoaejost  below  the  centre 10(K    g 

S.  Sandstone,  green Ish -gray,  current- badded. liy 

■9,  Mmataia  Limeilone , W 

7.  Ooncealed,  with  occasional  allowing  of  Una- 

stone  and  ahklea  W 

8.  Concealed  to  level  of  Cheat  riysr. iw 

In  descen^Qg  from  the  same  Han^g  CllS  to  a  point  one-half  dDi  ll^ 

tber  up  the  river,  and  Jaal  below  the  '■  Benver  Hole,"  the  follovliif  M^ 
<;eBaioD  was  observed  (Sec.  0)  : 


1.  MaBaive  conglomerate,  risible W 

3.  ConcBBled  to  biise  of  No   XII lay 

3.  Concealed 60' 

4.  SandstODe,  green,  flaggy 35' 

5.  Coucesled,  but  showing  frequent  outcrops  of 

green,  flaggy  sandstone 183' 

0.  Sandstone,  green,  massive,  visittle S' 

7.  Concealed IQ' 

B.  Mottntain  Limettont ISO' 

SSicioiii  Limeilone" 30' 

tieono  t/inditoie,  nussiTe  and  pebbly  at  top, 
li'ird  and  flaggy  below  to  the  lerel  of  Cheat 


NaZD 
UP 


10. 


..«5' 


The  MoitnUiiii  LimMone  contains  some  extensive  caremi  alonfOI'*' 
river,  and  om.-  nul  far  from  the  locality  of  this  section  has  been  naul^ 
EagU  Cavt,  from  tbe  fancied  resemblance  of  one  of  its  atalagmltlcM''' 
mulations  to  the  outspread  flguru  of  an  eagle.  It  has  been  lolloved  ^ 
tlie  mountain  aide  for  several  hundred  yards,  and  those  who  have  Vt^^ 
it,  report  son)'*  extensive  rooms  in  this  cavern. 
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The  "BeaTer  Hole'*  mentioned  above  ifl  a  locality  Just  above  the  Hang- 
S  Clifi  View,  where  the  current  of  the  stream  flows  around  the  circumfer- 
ce  of  a  circle  about  150  yards  in  diameter,  and  is  six  miles  above  Ice's 
irry  by  the  river,  but  probably  not  more  than  five  in  a  direct  line. 
Continuing  up  the  river  from  tliis  point  toward  tlie  south-cast,  the  rocks 
p  rapidly  down,  and  when  we  come  to  the  mouth  of  Sandy  creek,  four 
lies  above  the  Beaver  Hole,  the  top  of  No.  XH  is  only  40(V  above  the 
vel  of  the  stream,  instead  of  1300',  at  the  crest  of  the  Chestnut  Ridgu 
as.  Here  at  the  mouth  of  Sandy  creek  we  are  in  the  centre  of  the 
"eat  trough  or  syncliuc  between  the  Chestnut  Kidgc  and  Laurel  Hill  axes, 
lis  syncline  enters  Preston  county  from  Fayette  county.  Pa.,  and  extends 
8  south-west  course  entirely  across  Preston.  The  trough  is  about  seven 
les  wide  (from  Chestnut  Uidge  axis  to  Laurel  Hill  axis)  on  Cheat  river, 
t  opens  out  rapidly  south-westward  from  the  dying  down  of  its  western 
t  (Chestnut  Ridge  axjs),  so  that  at  the  B.&  O.  R.K.,  near  Independence, 
breadth  is  not  far  from  12  miles. 

lie  Lower  Coal  Measures  shoot  into  the  air  on  Chestnut  ridge,  but  arch- 
over,  come  down  into  this  Preston  county  syncline,  with  200  to  800 
''  of  the  Barrens  on  top  of  them,  so  that  at  the  mouth  of  Sandy  creek. 
Upper  Preeport  Coal  comes  into  the  immediate  river  hills.  Sandy 
ek  flows  down  the  centre  of  the  syncline  from  the  east,  removing  a 
Se  portion  of  the  Barrens,  and  near  its  mouth  cutting  a  wide  gap  in 
J  Lower  Coal  Measures,  and  a  narrow  gorge  through  No.  XII. 
In  the  same  way.  Bull  run  flows  down  the  central  line  of  the  syncline 
)ni  the  west,  emptying  into  Cheat  one-half  mile  below  the  mouth  of 
^ndy.  It,  too,  has  eroded  a  large  hole  from  tin;  Lowtr  Coal  Measures,  but 
» cutting  down  to  No.  XII  is  suddenly  arrested,  and  flows  along  on  ita 
'P  for  nearly  a  mile  until  approaching  the  river,  it  cuts  through  the  mas- 
▼e  beds  of  that  series,  in  several  great  cascades,  giving  splendid  exposures 
f  the  rocks. 

la  descending  the  mountain  from  Mrs.  Spurgeon's  (opposite  the  mouth 
'Sandy  creek),  to  Bull  run,  and  thence  down  that  stream  to  Cln^at  river, 
'®  following  section  (10)  was  const riuicd  : 

\'  Upper  3[ahoning  Sandstone,  ni:is<iv<.',  visibk*..  20' 
-•  Concealed  (spring  at  50') 90' 

coal,  shit  v....  I'O" 

coal,  good  ...  2'  0" 

shale 0'3" 

coal I'G" 

shale I'O'' 

,  ^^  coal,  good 1'  6"  y 

V  Concealed 10' 


^'  ^pper  Freeport  Coal 


> 


V 


J'  ^PP^  Freeport  limestone 12' 

:•  Concealed 75' 

•  ^ndstone,  massive,  visible  (Freeport) 10' 

?»  Concealed 90' 

•  Coal  blossom  (Kittanning  Lower) — 

:•  Shalea,  containing  "kidney  "  L  O 10' 

•  Concealed  and  sandy  shales 60' 


■-J 
c 


2r»4' 


Utf 


U.  S&ndBUine,  fl&gg;  and  muaive. UK 

18.  Ma«flve  Bandatono,  pebbl7, Vf 

14.  Tory  pebWy  bad B' 

IK.  Mwalve  ■andstone,  Katteting  pebble*. W 

10.  ShftlB.  dork,  conulnlng  foaall  plaotf IV 

iooid. 10") 
ab»l6 8"  V l'«" 
ooal...^...    v) 

18.  Itoadfty „ V 

19.  Bkol^  DmIIb  ikto W 

B0.'OoaeMl«d W 

SL  SholM,  nddiili SB' 

SS.  SftudBtone,  nthor  nuMlre,  graenUi V 

88.  Concealed,  wllh  occwdoiul  ootcrop  of  grean, 

Saggf  Buidatonfl  to  lerol  of  Cbeat  rlTu  at 

iiiouthofBuUraii(MO  A.  T.  Bu) tV 

The  ■tmctoTB  of  tbs  Upper  Ktaport  e«al  uid  UmmImm  u.|lt«i  aton 
WM  obtalMd  at  a  new  opening  on  the  rqKd  which  oroMei  Ball  na  ■bn 
BWlndler'i  mill,  and  leads  aonthwacd.  The  cool  haa  been  miud  on  fl 
.  land  of  Hn.  Spnrgeon  in  the  Immediate  line  of  the  Mctkm,  bm  tlit  spa 
Ing  had  Ihlleii  In  when  I  Tidted  the  locality,  and  the  coal  ooDld  not  be  IM 
The  ooal  is  pitchy  black  with  resinous  lustre,  la  nther  free  fiom  pyriM 
and  has  eveij  physical  appearance  of  a  good  oAIng  coaL  ^le  emu 
bench  Just  below  the  3"  shale,  is  not  so  good  aa  the  raat  of  tbe  bed,  bda 
somewhat  slaty  on  the  outcrop. 

Ihe  Upper  Preeport  limtilone  ia  f\]lly  exposed  In  the  rarinc  below  lb 
coal,  anil  seems  quite  pure  throughout,  beioglighl  gray,  very  compact,  sn 
breaking  with  a  sharp  clean  fracture.    It  contains  a  minute,  trntMli 

fotta. 

The  basal  portion  only  of  the  Freeport  sandstone  (No.  7)  ia  viiible ;  ii  i 
a  coarse,  grayish -white,  mieaceoua  sanil  rock,  specked  with  ferric  oiidc 
and  very  much  resembles  the  same  bed  in  western  Pennsylvania. 

The  great  sand-rocks  of  No.  XII  are  completely  exposed  at  this  localliT 
and  as  will  be  seen  from  the  section  contain  no  coal  until  we  come  dovi 
to  the  Qwiktrtoien  horizon,  the  H'ymcieood  tandttonr  having  merged  will 
the  underlying  beds,  thus  shutrlng  out  the  itercw  coal  and  thate  itrim  * 
this  localily,  and  giving  us  160'  of  nick  tn  one  nolld  masB. 

The  Hitle  coal  bed,  No.  17,  is  identical  with  that  given  in  Sec.  3,  at  Ai 
mouth  of  Quarry  run,  and  here,  aa  there,  is  also  double,  and  undeiUatq 
a  large  bed  of  black  ilate.  Tlie  coal  is  quite  pure,  and  contains  nael 
minoral  charenal.  In  the  dnrk  slialeg  nbove  it,  were  seen  some  bagaMl 
of  Oordaitti  and  lenvet  of  Lfpidod^ndron. 

In  the  section  at  Quarry  run,  B5'  more  of  No.  XII,  principally  mmi'* 
grayish-white  sandstones,  occur  below  this  coal,  but  here,  on  Bollna. 
everyttung  is  concealed  at  this  horizon,  and  the  character  of  the  inur*a 
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rocks  cjin  only  be  conjectured.  The  topograph}'  would  make  them 
«,  and  hence  I  think  it  probable  that  the  sand  rocks  seen  at  Quarry, 
are  absent  here,  and  that  the  black  slate.  No.  19,  rests  immediately 
n  the  Mauch  Ohank  beds,  but  should  it  prove  otherwise,  the  base  of  No. 
would  then  be  found  about  30'  below  the  top  of  No.  20,  thus  making 
entire  thickness  of  this  series  225'  instead  of  194',  as  given  in  the  sec- 


he  top  of  the  Mountain  Limestone  must  lie  about  100'  below  the  level 

!heat  river  at  this  locality,  where  the  centre  of  the  syncline  crosses. 

t  the  mouth  of  Sandy  creek,  a  massive,  buflish-gray  sandstone  makes  a 

I  cliff  along  the  water's  edge  at  975'  A.  T.  (B),  and  220'  below  the  base 

^o.  XII. 

s  we  pass  up  the  river  south-eastwards  from  the  mouth  of  Sandy,  the 

ts  begin  to  rise  in  that  direction,  and  at  one  mile  and  a  half  above,  the 
^ntain  Limestone  has  completely  emerged  from  the  bed  of  the  river,  re- 
ling  the  following  structure  along  a  steep  ravine  which  puts  into  the 
t  bank  of  Cheat  (Sec.  11) : 

1.  Gray  sandstone,  somewhat  massive 20' 

2.  Flaggy  sandstone  and  sandy  shales 150' 

3.  Limestone,  impure 10' 

4.  Concealed  and  green  sandy  shales 30' 

5.  Red  sliale 10' 

6.  Lvnestone,  massive,  gray 40' 

7.  Blue  shale  and  impure  limestone 4' 

8.  Shaly  limestone 5' 

9.  Gray,  calcareous  shale 2' 

10.  Limestone  in  massive  beds,  l'-5'  thick 40' 

11.  Green  shale 1' 


Mauch 

220' 

Chunk. 


12.  Red  shale 


Mountain 
Limestone 
94 


sandy  limestone 2' 


13.    Silirovs 
Liiuextone. 


4' 


2' 
10' 


8' 


blue  limestone,  rather  pure. . 
silicious  limestone,  passing 
gradually   into  sandstone   be- 

,  low 

14.  Gray  sandstone  (Pocono)  to  level  of  Cheat. . 

his  section  is  valuable,  because  it  gives  the  first  complete  exposure 

:.  we  have  had  between  \.\iG  Mountain  Limestone  and  the  *'  Silicious** 

8,  showing  them  separated  here  by  3'  of  red  and  green  shales,  and  thus 

ing  the  "  Silicious  limestone  "  more  closely  with  the  Pocono  SS.  into 

ich  it  passes  by  insensible  gradations* 

a  continuing  on  up  the  river  from  this  locality,  the  rocks  still  rise  to 

southeast,  though  not  much  faster  than  the  bed  of  Cheat,  since  its  &11 

ery  rapid  over  this  portion  of  its  course. 

n  the  vicinity  of  the  "Great  Falls,"  four  miles  above  the  moatli  of 

idy  creek,  the  west  wall  of  the  canon,  capped  at  top  hj  the 
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of  Xn,  becomes  alinoet  Terilcal,  and  give  a  Y^ry  complete  axpoann  of  Oft 
locks  as  shown  in  the  following  section  (No.  12)  obtained  theva : 

1*  Flaggy  sandstone  and  concealed W 

2.  Massive  sandstone,  top  of  Eamewood 25' 

8.  Concealed 90' 

4.  Sandstone,  very  masdTe,  pebbly SO' 

6.  Sandstone,  grayish  wbite,  somewhat  flaggy. .  55^ , 

6.  Qreen  shales 15'* 

7.  Concealed,  with  blossom  of  coal lO' 

8.  Qreen  shales  and  sandstone 180' 

9.  Sandstone,  somewhat  massive 26' 

10.  Greenish,  flaggy  sandstones IBS'  . 

11.  Limestone  and  red  shale 25'  ' 

12.  Limestone 06' 

18.  Limestone,  interstratifled  with  red  shale 20' 

14.  Redshale 10' 

15.  "SiUdous limestone" 86' 

16.  Sandstone,  massive,  B^cano,  to  level  of  Cheat 

river,  at  Great  Falls  (1065'  A.  T.  Bar). . . .  60' 

No.  XII  is  here  220'  thick,  or  nearly  50'  greater  than  at  Qoany  nin  it 
Sec.  2,  and  it  is  possible  that  it  should  also  include  the  25'  of  flbggy  amd* 
stone  at  the  top  of  the  section. 

Small  chunks  ot  cocU  were  seen  mingled  with  other  debris  in  the  ooa- 
cealed  interval,  No.  7,  and  if  they  belong  there,  the  bed  would  be  in  thi 
Mauch  Chunk  shale,  for  No.  6,  above,  is  unquestionably  Subcarboniferons. 

The  **  Silicious  limestone'*  attains  a  thickness  of  35'  at  this  locality,  md 
even  then  it  is  doubtful,  if  I  have  carried  it  down  far  enough,  since  10'-15' 
more  of  the  underlying  sandstone  possesses  a  very  limy  aspect  in  the  eretl 
cliff  which  rises  perpendicularly  from  the  river  at  the  Falls.  The  whole 
stratum  is  one  solid  mass  from  the  top  of  No.  15  down  to  river  level,  the 
Silicious  limestone,  as  well  as  the  sandstone  below  exhibiting  current  bed. 
ding. 

The  **  Falls  "  at  this  locality  is  a  very  rapid  descent  of  the  river  for  ser- 
eral  rods  over  the  massive  portion  of  the  Pocono  sandstone,  the  stream 
descending  about  10'  in  as  many  rods. 

The  following  section  (13)  was  obtained  about  300  yards  above  tbfl 
Falls,  in  descending  a  timber  chute  where  the  logs  in  their  rapid  deeceat 
have  removed  the  surface  debris  from  several  localities  on  the  west  titsk 

of  the  river  : 

1.  Upper  Freeport  Coal,  reported 7' 

2.  Concealed 200' 

4.  Sandstone,  massive,  top  of  XII 50'  \  Na  "SSL 

5.  Concealed 175' J  225' 

6.  Bed  shaU W 

7.  Sandstone,  flaggy  greenish 40* 

8.  Sandstone,  coarse,  buff 8' 

9.  Red  shale  with  I.  0.  nodules lO' 

10.  Sandstone,  green,  flaggy,  visible 50^ 

11.  Concealed  to  level  of  Cheat  river ftMK 
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The  Upper  Ftreport  coal  given  in  this  section,  lias  been  opened  along  the 
road  on  the  land  of  Mr.  Graham,  about  one  mile  south-west  from  the  top 
of  the  river  bluflf  at  No.  8,  so  that  the  interval  of  200'  between  the  coal  and 
No.  Xn,  given  by  the  barometer,  should  very  probably  be  increased  by 
50'-75',  since  the  beds  decline  in  that  direction  (S.  W). 

As  we  pass  on  south-eastward  up  Cheat  river  from  the  Falls,  the  rocks 
still  continue  rising  gently  for  about  two  miles,  when  they  turn  over  in 
the  broad  arch  of  Laurel  Hill,  and  descend,  carrying  the  limestones  and 
shales  of  No.  XI  below  river  level,  and  finally  submerging  No.  XII 
itself  at  Albright,  in  the  centre  of  the  trough,  where  the  western  bluff  of 
the  river  reveals  the  following  section  (14)  of  the  Lower  Coal  measures : 

1.  Sandstone,  somewhat  massive,  Mahoning  ? 30' 

2.  Concealed 55'  * 

3.  Shale,  drab 15' 

4.  Sandstone 2' 

5.  Shale  and  fireclay 8' 

6.  Shale,  green,  sandy 10' 

7.  Sandstone,  gray,  massive,  Freeport 30' 

8.  Shale,  drab 15' 

9.  •  *      dark  blue 8' 

10.  Coal,  Middle  Kittanning  {Darlington) 2'-3'' 

11.  Concealed 5' 

12.  Limestone,  nodular,  (Johnstown  cement  bed) 2' 

13.  Concealed 23' 

14.  Sandy  shale 7' 

•  15.  Sandstone,  greenish 13' 

16.  Shale,  visible 5' 

17.  Concealed  to  level  of  Cheat  river  at  Albright  bridge 

(1200'  A.  T.  Bar),  and  to  top  of  No.  XII,  here  in 
bed  of  river 25' 

Total  height  of  section 255 

From  the  thickness  of  the  measures  in  the  above  section,  it  would 
seem  that  the  Upper  Freeport  coal  should  be  looked  for  immediately 
under  the  base  of  No.  1,  which  according  to  this  identification  would  be  the 
JLow0r  Mahoning  sandstone,  but  still  it  is  possible  that  the  Lower  coal  meat' 
uret  are  here  thicker  than  usual  on  Cheat  river,  and  in  that  event  the 
Ujpper  Freeport  coal  would  overshoot  the  top  of  this  section. 

Ko.  7  Is  undoubtedly  the  representative  of  the  Freeport  sandstone  of 
Pennsylvania,  while  the  coal.  No.  10,  would  seem  to  be  the  Middle  Kit* 
tanning,  or  DttrUngton  bed  of  Western  Pennsylvania,  if  Mr.  Franklin 
Piatt's  identification  of  the  latter  with  the  coal  overlying  the  Johnstown 
cement  bed  be  correct ;  for  the  coal  in  question  is  here  underlain  by  a 
grayish,  nodular  limestone  that  would  well  represent  the  ** cement  bed," 

inie  coal  is  quite  good  and  has  been  gouged  out  of  the  hill  to  the  depth 


■Wftlt*] 

■or  a  rev  feel  fur  i]ir)re  tlmn  one-liulf  milo  Id  llic  vidnliy  of  Albii^l'f 
bridgo,  iU  T&piil  [lip  Into  Uio  hill  preveiiling  ajreteniBtic  miotng. 

Jnat  above  Hit'  lirklge.  Ilie  UinMftuad  tantUtom  T\e*s  from  tlii?  lied  or thr 
tItst  and  mak^-s  it  Ixild  cilift  nl»ng  its  minU-eastvru  bauk,  rt^voallog  unto 
h  a  unall  eool  brd  !)'.'iii.'ittli  a  tow  foot  of  shales. 

OnabOTeUiiniorliesomU-eftsl,  the  oilier  membyre  d  No.  XIT.»)nKn(t 
and  make  the  Fitoep  uurtli-went  elope  of  Ilriery  mountain. 

lahallclWL'  ilii$  jminT  with  a  singk  suggoetiou  in  regard  to  the  pasOlel* 
iun  of  the  h«(la  nlong  the  Clieat  rivor  that  I  have  included  under  llie  ouae 
JfoiwA  ChimkolHiU. 

AT6Tlew<irili''  ^rclions  win  show  that  this  inti^rval,  extending  (htmllK 
baaeof  XII  down  lo  ih<-  top  of  the  Mounlnin  Limetion*.  has  a  thlcknoaof 
about  800',  anil  cnn  be  subrlividpd  Into  thrcl^  woll  marked  groups  :  !«.  V, 
top,  a  thaU  iiilercal  olteu  contninlng  iron  ort  and  one  or  mom  tliin  fi 
btdt,  thickness  DO' — 50' ;  2A,  a  serlea  of  flafcgy-  grvtin  saadatono^,  otteo 
baTing  a  quiic  tna.^ive  bed  near  the  top,  and  sometimes  coDtalolng  cUm- 
rtout  baitdt  \'-2'  thick,  thickncas  IBS' ;  3d.  a  scries  of  n&  and  grwi 
shales  in  wh  icli  ugually  occur  one  or  more  thin  beds  of  impure  limeMWtt 
thickness  down  to  the  main  mass  of  Mountain  Limatont,  8O'-IO0'. 

Thoae  whi.  have  read  my  summary  of  the  Geology  of  Cravfort  «ri 
Xrie  couptlG!!,  Ph..  in  Report  Q',  will  recall  that  I  there  show  Ihc  "Coj-     1 
ahogashale,"of  Dr.  Newburry  to  be  a  very  composite  seriea,  hnviogsitw)'     \ 
ture  lomewlvAt  as  follows,  beginning  with  the  bnse  of  XII.  and  dcMi-adlii{ 
tOtfae£#rra  Grit  (f'orry  sandstone) : 

Slienango  shales SB'-W 

Bhenango  sandstone 26'     ; 

Mcadville  Upper  shnles SC 

"  '■      Limeslone 1' 

"        Lower  shales 45'-65' 

Sharpaville  Upper  sandstone SC 

Meadviltc  Lower  limestone , , . .    3' 

Sharpsville  Lower  sandstone W 

Orangeviile  shales 75' 

BereaGrii — 

Total  average  lliicknesa  about 280' 

Tlie  above  succession,  I  have  traced  southward  from  Crawford  eonnt^ 
to  the  mouth  of  [he  Beaver  river  bI  tiie  Ohio,  more  than  halfway  to  Chtrf^ 
river,  and  in  oil  borings  at  Beaver  falls.  Smith's  ferry  and  other  locallUci. 
the  scries  Is  siill  3T0'--380'  thick. 

As  Is  well  known,  the  geologists  of  the  2d  Geological  Survey  of  P(b«- 
sylvanla,  who  have  studied  the  Sub-congloTMratt  meaturei  in  tbe  wnten 
counties,  have  all  heretofore  placed  the  dividing  line  between  XI  and  X, 
in  the  Shenango  ihaUt,  and  regarded  the  massive  sandstone  below  UMB 
n<>  the  beginning  of  the  I^^con(l. 
It  will  be  seen  at  a  glance  that  the  "  Maucb  Chunk  shale,"  intert^  o 
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Cheat  river  has  a  striking  stratigraphical  resemblance  to  tlie  "Cuyahoga 
series  **  in  Western  Pennsylvania,  a  shale  Interval  at  top  and  bottom  with 
an  intervening  sandstone  interval — Shenango — Sharpsville  Lower — of 
practically  the  same  thickness  in  each  case.  The  query  here  suggested  is, 
can  the  '* Mauch  Chunk  shale'*  interval,  300'  thick  on  Cheat  river  in  Mo- 
nongalia and  Preston  counties,  be  identical  with  the  '* Cuyahoga  shale** 
series  as  given  above  from  the  Ohio  line  counties  in  Pennsylvania  ?  The 
answer  is  yet  quite  doubtful,  but  the  only  evidence  obtained  at  present, 
seems  to  point  to  an  affirmative  reply. 

Stratigraphy  gives  an  answer  decidedly  in  the  affirmative,  for  the  suc- 
cession in  each  case  is  practically  the  same,  and  yet  we  must  not  forget 
that  the  nearest  points  to  which  the  series  have  been  traced — mouths  of 
Beaver  and  Cheat  rivers — are  separated  by  some  60  miles,  in  which  these 
beds  are  buried  from  sight  by  the  overlying  Coal  Measures.  It  should  be 
stated,  however,  that  the  lithology  of  the  165'  sandstone  series  on  Cheat 
river  is  often  strikingly  like  tliat  of  the  Sharpsville  beds  in  Pennsylvania, 
and  also  that  it  sometimes  contains,  near  its  top,  a  massive  brown  sand- 
stone that  would  correlate  well  with  the  SJienanyo  8S. 

But  what  say  the  fossils  to  this  supposed  parallelism  ? 

On  Cheat  the  *'  Mauch  Chunk  beds**  arc  not  fossiliferous,  sd  that  we  can- 
not compare  them  directly  in  this  respect. 

The  "  Cuyahoga'*  beds  are  often  quite  fossiliferous,  however,  and  the 
evidence  tliat  they  furnish  is  curious,  as  showing  an  apparent  contradic- 
tion in  the  answer  to  our  query  given  by  two  classes  of  organisms — Mol- 
lusAcs  and  Fishes. 

rriie Ifeadmlle  limestones  in  the  ''Cuyahoga  "  beds  are,  in  Crawford  coun- 
r,  i^Ued  with  remains  of  fishes ^  scales,  bones,  teeth,  dtruial  structures,  &c., 
id  in  the  Spring  of  1880  I  sent  some  of  these  fossils  to  Prof.  Worthen, 
e  eminent  Palicthyologist  of  Illinois,  for  his  opinion  as  to  their  geologi- 
liorizon.  He  replied  that  they  seemed  to  him  to  belong  unquestionably 
^ti  the  fish  beds  of  the  Chester  limestone  at  the  west,  and  I  should  add 
•^   tliis  remark  of  Prof.  Worthen  first  suggested  to  me  the  possibility  of 

identity  between  the  ''  Mauch  Chunk  shales  "  of  Cheat  river,  and  the 
^^^ycCkoga**  series. 

'  ^e  MoUuscan remains  found  in  the  *' Cuyahoga**  series,  however,  seem 
^^ly  them  more  closely  with  the  Waverly  sandstones  (Pocono),  which 
d^rlie  the  shales  and  limestones  of  No.  XI,  and  in  my  Report  on  Craw- 
^  ^nd  Erie  preference  was  given  to  their  side  of  the  story.  It  now 
®^*^8  possible,  as  suggested  above,  that  the  testimony  of  the  Pishes  may 
el  ^ave  to  be  received  in  preference  to  that  of  their  more  lowly  cousins, 
k^e  ^noUusks,  and  the  '*  Cuyahoga  shales**  of  Newberry,  relegated  to  the 
txOtizou  of  No.  XI,  where  they  were  long  ago  placed  by  Prof.  Lesley  on 
^et>^^Tal  stratigraphical  grounds  (see  his  scheme  of  Ohio  and  Pennsylva- 
nia formations  correlated  in  Report  I,  2nd  Geo'l  Sur.  Pa.). 

The  apparent  contradiction  in  the  evidence  given  by  the  two  classes  of 
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organisms  may  be  satisfactorily  explained,  when  it  is  remembered  that  the 
open  sea  in  which  the  great  Mountain  Limestone  of  Cheat  river— the 
Chester,  St.  Louis,  and  other  beds  of  the  West—accumulated,  shoaled  away 
to  a  beach  line  of  muddy  shallows  in  Eastern  Ohio  and  Western  Pennsyl- 
vania, similar  in  every  respect  to  the  Waverly  and  Pocono  beaches  that  had 
preceded  them,  and  consequently  we  should  expect  to  find  the  life  forms 
that  had  inhabited  the  latter,  continuing  on  with  but  slight  changes  up 
into  the  edges  of  the  Mauch  Chunk  series,  where,  overlapping  the  M(nin- 
tain  Limestone,  it  practically  continued  the  Pocono  beaches  on  to  the  close 
of  the  Subcarboniferous  epoch. 


Stated  Meeting^  November  S,  188S, 

Present,  12  members. 

Vice-President,  Dr,  Le  Conte,  in  the  Chair. 

Letters  accei^ing  membership  were  received  from  C.  Ba^ 
dated  Smithsonian  Institution,  Washington,  Oct.  25,  and  from 
Garrick  Mailer}^,  Bureau  of  Ethnology,  Smithsonian  Institu- 
tion, Oct.  28. 

Letters  of  acknowledgment  were  received  from  Thoma.^  C. 
Porter,  Easton  (111);  and  the  Smithsonian  Institution,  Wasu- 
iuotoii  (110,111). 

A  circular  letter  was  received  from  the  Department  of  tu^ 
Interior,  dated  Oct.  20. 

Donations  for  the  Library  were  received   from  the  Zoology* 
seller  Anzeigcr,  Lei psig;  Academy  at  Brussels;  Geographical 
Society,  Paris;  London    Nature;  Canadian   Naturalist,  W*^' 
treal :  Anio.rican  Academy  of  Arts  and  Sciences;  America^ 
Journal,  New  Haven:  N.  Y.  Meteorological    Observatory  * 
Central  Park;  Franklin  Institute,  Philada. ;  Hon.  Thoma^  S- 
Dudley,  Camden  ;  Signal  Service  Bureau  and  U.  S.  Engi^^^^^ 
Department,  AVashiniiton ;  and  the  Chapultepec  Observat^^?' 
Mexico. 

An  obituary  notice  of  Ralj>li  Waldo  Emerson  was  reaJ  ^j 
IJov.  C.  G.  Ames. 
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Tlie  deatli  of  C.  G.  N.  David,  Pli.D.,  was  aunounced  from 
the  Boyal  Danish  Acaileray,  Copealiageti.  [No  date  or  aga 
pven.] 

The  death  nf  Mr.  B.  V.  Marsh,  at  Burlington,  on  Oct.  30, 
ItgbA  62,  was  announced. 

The  Committee   on    Cum.    McCauley's   Memoir,   reported 


The  Committee  on  Dr.  Wood's  Memoir,  reported  progr&sa. 

Mr.  Lesley  exhibited  some  of  the  recent  publication.^  of  the 
second  Geological  Survey  of  Pennsylvania,  and  showed  how 
iieer  completion  it  now  is. 

The  Minute,  written  by  the  President,  at  the  request  of  the 
Society,  at  jte  last  meeting,  was  read. 

In  accordance  with  the  resolution  adopted  at  the  last  meet- 

;,  the  President  presented  the  following  for  entry  on  the 
Kinutes ; — 

The  two  liuuilrctltli  aiinivers.try  or  llie  foiindiag  or  PooiiBylvAaia  wa> 
Mlnbmted  during  the  wcok  ending  October  38lli,  1H83. 

Tlie  exerciBBB  and  exhibitions  were  of  a  cluirnctor  to  reuall  tlie  ficeoes  of 
hearrifiil  of  tlie  Founder,  hia  den1iuga.with  the  ahoriginal  iahabitant^ 
ill  oflera  to  (Jrai  Betilers.  nod  the  enactmcat  of  his  grtni  Ikws  for  securing 
ionsciencc,  equality  ot  civil  rights,  Bud  Iho  regular  and  Impar- 
t1  admin istratloa  of  Jusiiw. 

To  thtwe  woru  oitded  civic  dirtploys  sliowing  Ilie  ancient  and  present 
irm>  of  civilizaiioD  that  liad  existed  and  now  mark  the  condition  of  onr 
ibl«  0am  RIO  a  wealth,  and  Ulustrato  Its  present  state  of  population, 
Mllb,  dlveraitj  of  employments,  maaufactures,  general  rcaoui^en,  and 
le  numerous  forms  in  which  society  U  divided  for  the  promotion  of 
IBtfVOlonce,  temperance,  charity,  and  social  enjoyment. 
TliB  elosing  displayB  were  of  ilie  military  organisations  in  whicli  the 
llbiuIeTe  of  the  Union  in  tlie  loic  dvil  war  participated  in  large  numhers 
id  by  tlie  uuiun  of  those  representatives  of  the  post  with  the  representa- 
re»  of  iho  present  in  organ iJiations  for  the  defence  of  the  country,  for  the 
iltBCliuti  of  till?  people  and  for  Ihe  general  welfare  of  the  republic,  was 
«ti  the  oilmimiile  working  or  our  American  systems  of  military  provi- 


Tba  cclDbrnllnn  was  a  great  jubilee  participated  in  by  immense  num- 

am  of  ibe  citlioiiB  of  Fen  nsy  I  run  in  and  cordial  symiiatlxing  visilors  fWim 

Btatca.  and  ii  will  diatiactly  and  vU-ldty  mark  a  great  epoch  in  our 

IRliaildftil  of  selllcrstliul  Undcd  with  P^'nn.  thi?  po 


Ames.]  498  [Xoy.j, 

the  State  has  swelled  to  four  millions  and  one-half  of  people,  and  that  of 
the  City  of  Philadelphia  to  one  million. 

Of  all  the  history  of  State  and  City  we  may  be  justly  proud,  for  the 
foundations  on  which  it  was  built  have  been  preserved  and  strengthened. 

Of  this  vast  growth  our  Society  has  been  the  living  witness,  foritwtt 
founded  only  sixty  years  after  the  landing  of  William  Penn;  and  it  is  fit- 
ting that  in  addition  to  the  full  accounts  that  will  be  given  by  chroniclew 
of  this  great  event  and  which  will  form  part  of  our  library,  this  brief  no- 
tice of  it  should  constitute  part  of  our  Minutes. 

Pending  nomination  No.  969  and  new  nominations  Nos.  91^ 
to  976  were  read. 

And  the  meeting  was  adjourned. 


Obituary  Notice  of  Ralph  Waldo  Emerson.    By  Charles  O.  Ames. 
{Read  before  the  American  Philosophical  Society,  Nov.  3,  1882,) 

Ralph  "Waldo  Emerson,  whose  name  has  honored  the  records  of  this  So- 
ciety since  1868,  was  born  in  Boston,  May  25,  1803,  and  died  in  Concont 
Mass.,  April  28, 1882.  Of  mixed  Puritan  and  Huguenot  ancestry,  h^brought 
into  the  19th  century  the  essences  rather  than  the  forms  of  Calvinistic  creed 
and  culture  ;  and  grew  up  as  the  handsome  flower  of  a  sturdy  stock.   His 
being  was  like  a  retort  into  which  many  generations  of  thoughtful  piety  had 
been  distilled  ;  for  never  w^as  a  clear<;r  case  of  hereditary  marking  than  in 
his  tendency  to  the  independent  pursuit  of  high  and  sober  studies.    He 
had   the   physical   make-up   of  a  student,  with  just  enough  of  healthy 
muscular  development  to  furnish  sheathing  for  a  nervous  structure  of  ex- 
traordinary fineness  and  vigor. 

Of  how  many  New  England  lads,  in  the  early  part  of  this  century,  ^ 
the  same  story  be  told  :  Graduating  from  Harvard  at  18,  then  teachinjf 
for  a  while,  then  settling  to  the  study  of  divinity.  Already  familiar  with 
Plato  and  Montaigne,  whose  mixed  coloring  matter  had  passed  into  hH 
blood,  the  lad  was  yet  fond  of  Augustine,  Pascal,  and  Jeremy  Taylor- 
He  had  also  come  in  contact  with  the  free  devoutness  and  benevolence  of 
Dr.  Channing,  and  had  yielded  to  the  spell  of  Wordsworth  and  Coleridge 
A  little  later  he  was  to  feel  the  pow^erful  influence  of  Carlyle  and  Goeth©- 

In  1826  he  began  to  preach  ;  in  1829  he  was  ordained  and  installed  ^' 
later  of  a  Unitarian  Church  in  Boston.  His  sermons  struck  the  dominftot 
note  of  all  his  later  thinking  and  writing,  their  evident  purpose  being  *^ 
induce  in  each  hearer  the  assurance  of  "life  in  himself."  It  was  this  W' 
tensity  of  faith  in  the  intimate  relations  of  each  human  spirit  to  the  Di* 
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vine,  along  with  a  clear  perception  of  religious  symbolism  in  all  facta,  that 
made  traditional  outward  observances  at  first  a  matter  of  indififercDce,  and 
then  of  oppressive  unreality.  In  three  years  and  a  half,  his  pastoral  rela- 
tions were  amicably  dissolved,  because  he  had  reached  conclusions  es- 
sentially like  those  of  the  Society  of  Friends  concerning  the  valueless- 
ness  of  the  ordinances. 

The  strain  of  these  experiences  was  severe  ;  but  the  liberty  which  now 
came  to  him  was  utilized  to  the  advantage  of  mind  and  body  by  a  voyage 
to  Europe,  which  brought  him  to  personal  acquaintance  with  the  eminent 
men  whose  genius  had  already  lighted  his  way.  On  his  return  he  estab- 
lished himself  for  life  in  the  quiet  rural  village  of  Concord,  and  entered 
on  a  ministry  for  which  no  pulpit  then  seemed  large  or  free  enough — 
a  ministry  which,  running  through  forty-eight  years,  to  his  death,  grad- 
ually found  through  press  and  lecture  platform  its  own  fit  audience ; 
imall  at  first,  but,  as  the  event  has  proved,  sufficient  to  put  him  in  vital 
connection  with  the  mind  of  the  world. 

Carlyle,  whose  wine  had  not  yet  turned  to  vinegar,  was  then  putting 
forth  his  testimony  in  England,  with  a  limited  hearing.  He,  as  well  as 
the  American  public,  was  indebted  to  Emerson  for  the  reproduction  of 
"Sartor  Resartus"  and  a  volume  of  "Critical  and  Miscellaneous  Es- 
•ays  "  on  this  side  the  water.  Coleridge  and  Carlyle  had  inoculated  the 
English  mind  with  the  nobler  German  literature  ;  Emerson  was  one  of 
those  through  whom  it  passed  to  America  ;  and  to  many  an  ingenuous 
youth  it  was  like  the  discovery  of  new  worlds. 

But  no  imported  mental  fertilizer  has  proved  more  effective  than  the 
native  product.  Emerson  himself  has  probably  influenced  our  ways  of 
thought  and  feeling  and  expression  quite  as  much  as  any  man  of  the  cen- 
tury ;  and  all  this  without  the  arts  or  qualities  of  popularity,  and  even  in 
spite  of  multitudinous  protests.  The  semi-mystic  quality  of  his  thought 
pfredisposed  him  to  sympathize  with  the  subtle  spirituality  of  Plato  and 
the  great  Germans ;  and  the  New  England  mind,  weary  of  the  old  me- 
clianical  theories  of  creation  and  revelation,  was  ripe  for  revolution. 
Transcendentalism,  which  is  a  wholesale  believing,  came  in  good  time  to 
save  UB  from  wholesale  denials.  Mr.  Geo.  W.  Cooke  describes  this  move- 
ment as  "an  attempt  of  the  human  mind  to  recover  a  natural  and  assured 
fkith  in  moral  things."  This  faith  finds  due  warrant  in  our  direct  original 
perception  of  spiritual  realities,  by  a  i>ower  which  transcends  the  senses — 
a  power  which  is  proper  to  all  men,  and  which  is  our  share  in  that  univer- 
sal and  absolute  Reason  out  of  which  flows  the  whole  order  of  the  uni- 
verse. 

The  practical  applications  of  such  a  philosophy  are  endless.  Creation 
being  an  expression  of  the  Inflnite  Intelligence,  poetry  finds  its  divine 
justiflcation  and  rises  into  a  hymn.  Nature  appears  as  a  mirror  of  mind, 
and  all  her  laws  and  secrets  correspond  to  our  clearest  inward  discoveries, 
so  that  science  becomes  a  parable.     And  as  reason  is  one  thing  in  all  men, 
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all  men  become  ministers  to'each  other's  completeness.  What  Kmersonhis 
to  say  of  Personal  Conduct  and  Social  Aims  comes  to  this:  That,  as  ittakei 
all  sorts  of  men  to  make  a  world,  each  one  of  us  can  best  contribute  to  the 
perfect  result  by  giving  full  scope  to  all  that  properly  belongs  to  hiniBeli 
Be  a  brick  and  there  will  be  a  place  for  you  in  the  wall.  Every  man,  like 
every  grain  of  sand,  is  a  theatre  for  the  play  of  all  the  powers  and  laws 
of  the  Kosmos.  To  distrust  yourself  is  atheism ;  to  despise  your 
neighbor  is  blasphemy;  to  helpjrourself  to  all  the  benefits  the  univene 
offers — through  nature,  books,  society,  solitude,  industry  and  repose-ii 
only  to  come  into  your  inheritance,  and  is  therefore  the  true  method  of 
culture.  Disorder,  misery,  chaos,  perdition — they  all  come  from  inwaid 
defect  and  non -fidelity. 

All  this,  and  the  sj^stem  of  thought  to  which  it  belongs,  may  seem  tame 
and  trite  enough  now,  but  it  sounded  strange  and  heretical  a  half  centoiy 
ago.  It  was  indeed  a  republication  of  the  best  thought  of  earlier  igc«; 
but  it  was  foreign  to  the  common  literature  and  the  current  religion. 

In  1837,  Emerson  gave  his  address  on  "The  American  Scholar," before 
the  Phi  Beta  Kappa  Society  of  Harvard.  Mr.  Alcott  tells  us  tliat  itwM 
heard  with  delight  by  some,  but  with  confusion  and  consternation  ^ 
others ;  or,  as  James  Russell  Lowell  says,  with  *' enthusiasm  of  approval 
and  grim  silence  of  foregone  dissent."  Yet  it  does  not  now  strike  us le 
dangerous  doctrine  to  teach  that  America  ought  not  to  depend  on  imjwrted 
ideas  but  should  produce  her  own  scholars,  and  that  these  should  seek 
truth  and  reality  from  original  sources.  We  are  no  longer  scared  if* 
bold  thinker  declares  that  truth  should  spring  out  of  the  earth  whereon 
we  tread,  and  that  righteousness  should  look  down  from  the  heavens 
that  bend  over  our  heads,  as  well  as  from  the  soil  and  skies  of  ancient 
Palestine.  Nor  is  it  any  loncjcr  an  unsavorv  and  outre  discourse  whick 
teaches  that  character  is  the  end  and  aim  of  all  truth  and  all  discipline- 
It  is  almost  startling  to  consider  how  lightly  and  cheaply,  and  as  matters 
of  course,  we  hold  certain  grand  truths  which  make  our  common  daf* 
light,  but  which  to  former  times  were  like  unrisen  stars.  A  knowledge 
of  the  inward  world  has  grown  with  a  knowledge  of  the  outward  world. 

"  Few  mortal  feet  these  loftier  heights  liad  gained 
Whence  tlie  wide  realms  of  Xature  we  descry ; 
In  vain  their  eyes  our  longing  fat  hoi's  8ti*nined, 
To  scan  with  wondering  gaze  the  summits  high 
That  far  beneath  iheir  children's  footpaths  lie.*' 

It  is  not  important  to  determine  Emerson's  relation  to  metaphysicaUy*' 
tems.  IIo  was  neither  iijuorant  of  them  nor  fond  of  them,  being  Tery8»f 
of  finalities.  But  in  his  attempt  at  simple  and  large  statement,  he  8e«n^' 
to  have  incorporated  the  best  results  of  other  men's  thinking. 

There  are  passages  in  Mr.  Emerson's  writings  which  strongly  art«i^ 
what  ho  once  called  '*  this  mountainous  folly  of  Church  and  State;"  '"** 
this  is  only  his  fine  scorn  of  sham  and  make-believe.     He  is  never  ^^' 
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it  against  institutions  ;  he  honors  their  real  merits  and  services  ;  but  he 
ists  wholly  to  vital  energies  for  improvements  and  reconstructions. 

The  total  effect  of  his  work  has  been  to  disclose  our  undeveloped  re- 
iirces,  to  make  us  aware  that  we  are  born  to  an  inheritance  of  infinite 
hness,  and  that  no  man  need  hesitate  to  avail  himself  of  all  the  advan- 
ces which  the  universe  offers.  At  the  same  time,  his  writings  operate  as 
continual  rebuke  of  self-consciousness,  cowardice,  cupidity,  weak  indul- 
nee  and  pretence.  To  read  Emerson  Bympathetically  is  to  be  enlarged, 
erated,  shamed  out  of  mean,  self-regard,  and  lifted  into  universal  fel- 
^ships. 

N"ot  the  least  notable  trait  is  a  certain  comprehensiveness,  nurtured  by 
\  philosophy.  His  writings  abound  in  allusions  which  show  his  mental 
mivorousness,  his  quick  sympathy  with  the  thought  of  all  ages  and 
les,  his  hospitality  to  "many men  of  many  minds,"  his  ability  to  grasp 
d  reconcile  contrarieties,  and  the  ease  with  which  he  found  a  place  for 
sorts  of  facts.  Revelling  in  the  abstruse,  and  living  much  on  the 
)untain-top  where  he  could  catch  and  report  downward  to  mortals  the 
indering  whispers  of  the  upper  air,  he  yet  joined  with  Bacon  in  honor- 
g  "the  studies  that  are  for  delight,  for  ornament,  and  for  ability,"  and 
Id  in  high  appreciation  the  men  of  affairs  and  the  masters  of  action. 

A  tone  of  playfulness  testifies  to  the  health  of  his  spirit.  There  is  no 
ftce  of  moodiness  or  indigestion  in  his  writings,  no  sour  eructations,  no 
ircotized  imaginings,  no  sore-headed n ess  nor  skin -blotches,  nor  any  sign 
r  the  itch  for  praise.  He  makes  it  easier  to  believe  in  miracles  of  heal- 
ig:  virtue  goes  out  of  him  for  the  driving  away  of  sad  and  surly  hu- 
lors  and  the  rectifying  of  small  insanities. 

The  material  of  his  poetry  is  too  much  like  that  of  his  prose  to  address 
different  class  of  minds.  The  ideas  of  his  essays  set  themselves  to  music 
'd  mount  on  wings.  Nature  supplies  imagery  and  vehicle  ;  for  in  na- 
pe, as  in  God,  he  lived  and  moved  and  had  his  being.  There  is  a  subtle, 
iver-dying  charm  in  this  clear-obscure  where  earth  and  heaven  meet, 
le  verse,  whose  theme  flames  up  toward  the  infinite,  yet  smells  of  the 
il  and  the  breath  of  kine  ;  it  smacks  of  tree-sap  and  sea-salt ;  the 
untry-brook  glides  into  the  lines  ;  one  hears  the  wind-harp  and  the 
'"d-song  ;  the  "dedicated  blocks  "  of  granite  build  the  mountain  into  an 
^r  from  whose  top  the  cloud-rack  flows  like  incense.  And  nothing  goes 
^  in  leaf  or  shell,  in  chemic  eddies  or  solemn  march  of  constellations,  in 
'C  little  life  of  the  insect  or  the  grand  sweeps  of  history,  but  lo !  these 
^  parts  of  the  ways  of  the  all -perfect  Over-Soul — the  mystery  ever  dia- 
^>8ed  yet  ever  hidden. 

Wany  random  readers  receive  the  impression  that  there  is  nothing  like 
Uty  or  method  in  Emerson's  mind;  that  his  works  are  but  a  heap  of 
i]liant,  unrelated  fragments.  True,  he  lacks  literary  unity,  and  is  care- 
^  of  logical  construction  ;  and  he  despises  the  charge  of  inconsistency 
"the  bugbear  of  little  minds."     Hut  once  grasp  his  larger  meanings, 
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or  look  from  his  central  point  of  view,  and  his  thought  appears  as  whole 
as  the  globe  or  the  solar  system.  It  would  not  be  easy  to  find  a  leading 
author  whose  mental  products  are  more  coherent  or  who  is  so  free  from 
self-contradictions.  He  is  indeed  at  no  more  pains  to  protect  himselffrom 
the  imputation  of  contradiction  than  is  a  photographer  who  shifts  his  cam- 
era to  secure  a  dozen  views  of  the  same  landscape.  If  the  pictures  tell 
dif!erent  stories,  that  is  no  athiir  of  his  :  lot  nature  look  to  it ! 

Emerson  is  said  to  have  pleased  himself  with  the  "hope  of  a  world 
in  whicli  we  shall  see  things  but  once,  and  then  pass  on  to  something 
new."  I  construe  this  extravaganza,  not  as  the  sign  of  a  mad  love  of 
novelty,  but  as  a  rebuke  to  mental  inhospitality,  as  the  expression  of  his 
strong  faith  that  all  facts  and  tniths  must  agree,  and  that  the  univene 
can  supply  inexhaustible  variety  without  danger  of  falling  Iwick  into 
chaos. 

With  all  his  high  soarings,  he  was  at  home  on  the  ground,  and  aston- 
ished his  friends  by  his  practicalness  and  aptness  for  business.  His  occa- 
sional delivemnces  on  public  affaire  were  clear  and  weighty.  One  who 
sat  with  him  on  the  Board  of  Overseers  of  Harvard  University,  says  that 
his  judgment  was  as  much  "waited  for"  as  that  of  any  other  member. 
Another  testifies  that  his  discretion  in  regard  to  investments  in  stocte 
etc.,  was  quite  equal  to  his  ability  as  a  writer  and  thinker. 

It  would  indeed  be  possible  to  gather  out  of  his  ten  volumes  an  excel- 
lent body  of  maxims  for  every  day  use,  shrewd,  pithy,  and  full  of  mother- 
wit.  But  his  claim  to  our  grateful  respect  rests  on  far  higher  grounds. 
He  was  not  merely  virtuous  ;  he  was  virtue  itself;  and  he  taught  to  all 
men  its  open  secret.  And  he  has  illustrated  in  life-size,  the  close -Mending 
ot  high  intelligence  with  high  excellence.  In  his  writings  and  in  himself, 
the  ethical  quality  is  inseparable  from  thought.  He  never  puts  it  on.  he 
never  puts  it  off — a  sore  puzzle  to  those  who  judge  of  possession  by  pro- 
fession, or  who  think  of  the  Holy  Ghost  as  an  occasional  visitor,  andnotas 
a  permanent  resident  in  the  human  temple. 

One  who  knew  him  long  ago  and  later,  says  he  gave  the  impression  of  a 
humble  listener  and  learner.  This  tells  the  whole  story  of  his  greatness. 
For  such  an  attitude  implies  neither  empty  narrowness  nor  idle  passivitj* 
To  be,  as  he  was,  in  sympathetic  relations  with  the  thoughts  of  mankind 
in  all  ages,  and  yet  to  lie  open,  as  he  did.  to  the  teachings  of  pn^' 
reality — passionless,  unprepossessed  and  unprejudiced — requires  not  only 
fine  susceptibility,  but  a  mind  of  great  breadth  and  power.  Buthisactir- 
ity  is  easy  and  unconscious  to  himself;  his  faculties  play  like  the  string 
of  an  seolian  harp,  because  they  are  played  on  by  invisible  power.  Oi^ 
result  appears  in  the  impersonal  quality  of  this  work.  He  never  atta»^ 
and  never  defends.  He  searches  defects  and  exposes  error  as  the  lig"* 
does.  He  criticises,  not  by  analysis,  but  by  insight ;  like  his  own  h^** 
ble-bee,  he  simply  leaves  the  chaff  and  takes  the  wheat.  This  mental  pro- 
cess implies  great  labor-saving.     What  need  to  handle  over  and  over  tn^ 
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mass  of  facts  and  phenomena,  when  one  can  directly  seize  their  es- 
md  meaning,  as  the  evening  wind  seizes  the  fragrance  of  a  whole 
w  full  of  flowers,  without  disturbing  root,  stalk  or  petal? 
ieve  the  first  appearance  of  Mr.  Emerson's  name  in   the  Proceed- 

this  Society,  since  his  election  to  membership,  is  in  the  announce- 
)f  his  death.  But  he  was  one  of  the  few  Americans  who  have  de- 
ly  gained  the  name  of  a  philosopher,  in  both  its  original  and  its  ac- 

sense.  A  lover  of  wisdom,  he  also  searches  with  keen  insight  be- 
henomena  into  the  mystery  of  causation  and  the  unity  of  law;  and 
verts  all  knowledge  into  value  by  showing  its  uses  in  the  pro- 
a  and  perfecting  of  the  ideal  life.  "To  live  with  the  gods'*  and 
eep  the  divinity  within  us  ft^ee  from  harm,"  was  the  lofty  aspiration 
lent  wisdom  ;  and  "the  science  of  living  "  has  not  yet  advanced 
cl  these  maxims  of  the  Stoics,  which  seem  identical  in  purpose  with 
3brew  and  Christian  ideal  of  a  pure  heart  and  a  life  fashioned  in  the 
of  the  Highest.  Though  our  great  good  friend  has  not  wrought  as 
.'anizer  of  knowledge,  he  has  accomplished  the  larger  work  of  pro- 
ly  stimulating  the  human  mind  and  turning  it  to  noble  pursuits;  and 
I  illuminated  the  whole  field  of  research.  Structure  in  his  view  was 
8  inferior  to  function,  and  function  to  purpose  or  spirit.  As  an  in- 
wer  of  nature  and  of  the  soul,  his  office  was  to  report — to  interpret  the 
rse  to  man,  and  man  to  himself.  In  all  this  there  are  no  finalities  ; 
as  J.  S.  Mill  remarks,  "On  all  great  subjects  there  is  always  some- 
more  to  be  said."  But  many  a  coming  seer  will  find  a  fountain  of 
for  cleansing  his  eyes  from  earth-dust  in  the  raj'^s  that  stream  from 
ind  of  Ralph  Waldo  Emerson. 


Stated  Meetinrj^  Nov,  17,  1882, 

Present,  9  members. 

Vice-President,  Mr.  Price,  in  the  Chair. 

tters  of  acknowledgment  were  received  from  the  Royal 
ity,  Upsal  (xv.,  3;  104-108);  Swiss  Society  of  Natural 
ice  (107,  108);  Society  of  Physics  and  Natural  History, 
va  (xv.,  3;  106-108;  List  of  Members);  Royal  Society  of 
on  (xv.,  3;  107-109);  and  Cincinnati  Observatory  (65- 
\  92,  107,  110). 

iters  of  Envoy  were  received  from  the  Royal  Academy 
)ckholm  ;  Royal  Society  of  Upsal,  dated  June  15,  1882 ; 
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Hungariau  Academy,  Buda  Pest ;  Imperial  Academy,  Vieatia: 
July  16,  1882;  Royal  Prussian  Academy,  Berlin,  June,  188^; 
Society   of  Natural  Science,    Marburg,   April,    1882;   Swiss 
Natural  Science  Society  ;  Royal  National  Library  in  Floreaoe, 
Marcb  24,  1880 ;   Holland  Society,  Harlem,  June  3,  1882  ; 
Fondation   Teyler,   Harlem;   Meteorological  Office,   London, 
October,  1882  ;  and  Royal  Observatory,  Greenwich,  Noveml 
1882. 

Donations  for  the  Library  were  received  from  the  Academ. 
at  Stockholm,  Buda  Pest,  Vienna,  Berlin,  Modena  and 
lin;  the  Observatories  at  St.  Petersburg,  Stockholm  sl^c^^ 
Greenwich;  Royal  Society,  Upsal;  Soci6t6  HoUandaise,  a."t^^ 
the  Mus6e  Teyler,  Harlem ;  Royal  Geographical  Society,  Roy  ^^^ 
Geological  Committee  and  Anthropological  Society,  Vienrx 
German  Geological  Society,  Berlin;  Prof.  G.  D.  E.  Wey 
Kiel;  the  Societies  at  Bremen,  Marburg,  Leipsig,  Gorli 
Freiburg  i  B.,  Lansanne  and  Geneva ;  S\viss  Natural  Scierx^^^^^ 
Society;  Royal  Venetian  Institute;  Royal  National  Libra 
Florence ;  M.  Georges  Edon,  Paris;  Royal  Society,  and  Mete< 
ological,  Geographical,  Geological,  Linnean,  Zoological,  2l 
Royal  Asiatic  Societies,  London;  Meteorological  Committ 
and  Nature,  London;  American  Academy  of  Arts  and 
enccs;  Boston  Natural  History  Society;  American  Journal 
Pharmacy;  Dr.  D.  G.  Brinton,  and  Dr,  E.  W.  Syle,  Phila( 
phia;  American  Journal  of  Mathematics,  Baltimore;  and  tli^ 
National  Museum  of  Mexico. 

A  letter  was  received  from  the  Colonial  Museum  of  N^'^ 
Zealand  stating  that  they  had  received  nothing  from  iiiis 
Society  since  1871. 

The  death  of  C.  Arfwedson,  of  Sweden,  was  announced. 

The  Committee  to  whom  was  referred  the  Egyptian  Vocal)- 
ulary  of  Commodore  McCauley  reported  in  favor  of  its  fvl> 
lication  in  the  Transactions.     The  subject  was  referred  to  the 

Publication  Committee. 

The  Committee  to  whom  was  referred  the  *'  Researches  on 
Diphtheria  '^  by  Drs.  Wood  and  Formad,  reported  in  favor  of 
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its  publication  in  the  Transactions.  The  subject  was  referred 
to  the  Publication  Committee. 

The  minutes  of  the  last  meeting  of  theJBoard  of  Officers  and 
Council  were  read. 

Pending  nominations  Nos.  969  to  976  were  read  and  the 
meeting  was  adjourned. 


Stated  Meeting,  Dec,  7,  1882, 
Preseijt,  11  members. 
President,  Mr.  Fraley,  in  the  Chair. 

A  letter  accepting  membership  was  received  from  Prof.  Her- 
mann Kopp,  dated  Heidelberg,  Nov.  7,  1882. 

A  letter  of  envoy  was  received  from  the  Museum  of  Com- 
parative Zoology,  Cambridge,  Mass. 

A  letter  of  acknowledgment  (XIV,  2 ;  62,  97),  and  envoy 
was  received  from  the  Soci6t6  de  Geographic,  dated  IS-i  Boule- 
vard, St.  Germain,  Paris,  Nov.  13,  1882. 

A  letter  requesting  exchange  of  publications  was  received 
from  the  U.  S.  Naval  Institute,  Annapolis,  Md.,  Nov.  21, 
1882.  On  motion,  it  was  resolved  that  the  U.  S.  N.  Institute 
be  placed  on  the  list  of  corresponding  societies  to  receive  the 
Proceedings. 

Donations  for  the  Library  were  received  from  the  Depart- 
ment of  Mining,  Melbourne ;  Eoyal  Museum  of  Natural  His- 
tory, Bruxelles;  Eevista  Euskara  ;  London  Nature ;  Canadian 
Naturalist ;  Museum  of  Comparative  Zoology ;  Meteorological 
Observatory  of  New  York ;  Franklin  Institute ;  Prof.  E.  D. 
Cope;  American  Chemical  Journal;  U.  S.  Naval  Institute; 
U.  S.  National  Museum  and  the  Light  House  Board,  Wash- 
ington. 

The  death  of  Prof.  Henry  Draper  at  New  York,  November 
20,  aged  45,  was  announced.     On  motion.  Professor  Barker 
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was  requested  to  prepare  a  minute  of  Professor  Draper's  deatb 

for  the  Proceedings  of  the  Society. 

Mr.  Lesley  made  some  remarks  on  the  Egyptian  character 

of  certain  Hebrew  names  : 

Mr.  Lesley  first  described  the  history  of  the  user,  or  Jackal-headed  stafL 
representing  victory,  from  it  first  appearance  in  the  4th  to  its  habitual  use 
in  the  12th  and  10th  dynasties,  in  royal  names ;  especially  remarking  on 
the  form  User-n-ra  of  the  5th  dynasty.  This  name  corresponds  to  the  He- 
brew name  Tsrad,  spelled  isral,  which  an  Egyptian  would  express  by  the 
hieroglyphic   rsu'iiA.     The  origin  of  the  personal  name  is  given  in  the 
well  known  Scripture  legend  of  Jacob  wrestling  with  and  prevailing  over 
a  mysterious  visitor,  in   the  night  preceding  his  momentous    interview 
with  his  l)rother  Esau.    This  name,  Esau  (iferj;,  68u),  Mr.  Lesley  identified 
with  the  Edomite  tihasu,  who  successfully  invaded  Egypt  at  the  beginning 
of  the  19th  dynasty,  but  were  the  principal  foreign  enemies  of  Egypt  on  the 
east  for  some  centuries  earlier. 

The  Publication  Committee  reported  that  they  had  resolved 
that  Commodore  McCaulay\s  Egyptian  Vocabulary  be  placed 
in  the  hands  of  the  lithographer,  to  be  printed  as  soon  as  prac- 
ticable. 

The  annual  report  of  the  Treasurer  was  read. 

Mr.  Pliillips,  for  the  Special  Committee  ajipointed  to  ex- 
amine tlic  d()(iuiiients  belonginir  to  the  S<x!iety,  reported  t!ie 
following  results  of  the  iiivestigations  of  that  Committee  : 

Jst.  An  Ordinance  of  (iov.  John  Evans  creating  Court  of  Equity,  aud 

givinir  c('rtuin  powers  to  Courts  of  Common  Plea^  to  hold  spt'ciul  Court? 

to  aid  ])t*rsons  about  to  leave  Conimonwealtli,  of  (hue  Feb.  2*2,  170*». 

JV^.  .'.   Letter  of  Attorney  hy  William  Penn,  appointing  Thos.  Loyd  hi? 

attorney,     and     memorandum    in    Penn's   liandwritini:  02 

back,  dat«Ml  .lune  C,  lOS-l. 

No.  :>.  Assiiznment    of  Mortgag<»,  by  Thomas  and  lliclianl  Penn.  d:i:til 

Oct.  'I,  Kd.j. 
No.  .-.  Charter  of  Che-ter  signed  by  William  Penn,  dated  Oct.  31.  lTi*»l. 
No.  .'.   Charier  of  ]*rivileges  by  Wm.  Penn  to  Penna.  ol.st,  S  mo.  1701. 
It  is  recommended  by  your  Committee  that  the  above  viiluable  oriiriai' 
papers  be  placed  in  the  vaults  t)fthe  Fidelity  Insunince  Cnuipany.  wiiL 
other  i>roperty  there,  to  be  endorsed  "Original  Penn  Papers." 
No.  G.  Print<Ml  rejiorl  of  order  of  business  as  settled  by  order  of  1S41. 
It  is  recommended  that  all  except  two  copies  be  destroyed, 
the  others  preserved  by  the  Librarian. 
No.  7.  Geological  treatise  in  German  with  plates.     It  is  recommendei 
that  they  be  bound  and  placed  iu  Librarj-. 
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JVb.  8.  Distribution  Book  of  Proceedings  of  American  Philosophical  So- 
ciety.    Recommended  to  be  placed  in  Library. 

No.  9.  Communication  from  Mr.  Duponceau  with  regard  to  History  of 
the  Society  of  1841.  Recommended  that  they  be  bound  and 
placed  in  Library. 

2^0.  10,  Map  of  New  Sweden.     To  be  mounted. 

No.  11.  Plan  for  unknown  of  buildings.     To  be  placed  in  Library. 

No.  12.  Duponceau  manuscripts  on  international  law.  To  be  bound 
and  placed  in  Library. 

No.  IS.  Deed  by  John  Fitch,  Feb.  9,  1787,  and  others  creating  Steam- 
boat Company.    To  be  placed  in  vaults. 

N^o.  14.  1769  Commission  of  Thomas  Penn.  Richard  Penn  to  Edward 
Physick,  appointing  him  Keeper  of  Great  Seal.  To  be 
placed  in  vaults. 

No.  lo.  Manuscripts  relating  to  the  Centennial  of  Society  in  1841,  also 
certain  communications,  &c.  If  these  have  not  been  printed 
to  be  bound. 

^o.  16.  Subscription  book  to  relieve  the  Society  from  Indebtedness  of 
date  of  Jan.,  1840.  It  is  recommended  to  be  placed  in 
archives  of  Societv. 

N^o.  17.  a.  Two  bank  books  of  1831  and  1840. 

b.  Lists  of  1820,  1831,  1842  and  1846. 

c.  Four  minutes  of  committees  to  be  consolidated. 

d.  Stub  of  check  book. 

e.  An  account  of  Treasurer,  old  receipts  of  books  from  Library. 
/.  Lot  of  old  account  books. 

It  is  recommended  that  the  al)ove  be  boxed  up  and  placed  in 
the  Library. 

2^0.  IS.  Package  of  letters  of  Peter  Collinson  to  various  persons. 

These,  if  possible,  to  b3  repaired  and  bound,  and  for  the  pres- 
ent to  be  in  the  Safe  Deposit. 

2^0m  1^'  Copy  of  Definite  treaty  between  Great  Britain  and  United 
^  States,  A.  D.  1783.    To  be  bound. 

No.  SO.   Cupy  of  proclamation  giving  prices  for  sailps.    To  be  mounted. 

2fo.  21"   Letters  to  and  from  Benj  imin  Franklin.    To  be  bound  and  in- 
dexed. 

JVc?.  ^~'   ^^^  ^^  ^^^  Diplomas  not  delivered.     To  be  sent  to  lineal  de- 
scendants if  found. 

No.  ^tJ.   Lot  of  receipts  taken  b}^  Franklin  in  Fnince  for  advances.     To 

be  bound. 

jfo.  f4'  Invitation  to  Dr.  Franklin  to  attend  a  Masonic  Lodge  des  Neuf 

Soeurs  supper,  signed  hy  De  Gebelin.     To  be  bound. 
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No.  J'.T.  Printed  invitations  and  notices  to  Benjamin  Franklin  whei^fc^  ^^ 
Fnince.    To  be  bound. 

No.  JO.  Correspondence  of  Benj.  Franklin.    To  be  bound. 

No.  27.  Various  old  shop  cards  to  be  mounted  in  scrap  book. 

No.  2S.  Sundry  printed  papers  relating  to  Revolution.     To  be  bound  -^R. 

No.  2'J.  Letter  of  lien  j .  Franklin  with  regard  to  non-importation  agj "ree- 

ment  of  1770  to  Humphrey  Marshall.     To  be  placed  >* — ;-^^UU 

Franklin  papers. 
No.  JO.  Letters  with  regard  to  pictures  of  Franklin. 
No.  ol.  Old  Catalogue  of  Donations.     To  be  preserved. 

No.  .L\  Certificates  of  membership   in    Sons  of  St.  George  of  Jod^   ^o\\w 

Vaughn.     To  be  given  to  relatives. 
No.  .1.1.  C/c»rtain  Bank  notes  of  John  Law's  Bank  t<;  be  placed  in  a  scrx:  iii::rap 

book. 
No.  .;;.  Certain  nieniorandun\s  of  Heckwelder  with  regard  to  India  -^^  ans. 

To  be  preserved. 

N*.  ./J.  Accounts  of  prices  with  rcganl  to  building  of  Hall  of  Socies^a*  Set?. 
To  be  bound  if  possible. 

N(».  m:.  Accounts  with  regard  to  Society.     To  be  bound. 

No.  .;7.  Letters  and  Accounts  with  regard  to  Society.     To  be  bound.  —  F^. 

No.  .IS.  CommuLications  from  Lymes  with  regard  to  the  hollownes^-^^ss  o^ 
the  earth.     To  be  bound. 

No.  .it).  A  variety  of  old  vouchers,   manuscript  catalogue  and  TrcE»^^r<?a8- 
urer's  Accounts.     To  be  boxed  up. 

Oil  motion,  the  recommendations  of  the  Committee  w»  ^-ii'ere 
jidopted,  and  tlie  Committee  empowered  to  carry  their  reco^^_:jom- 
mendations  into  eflect. 

After  an  informal  interchange  of  views  raspecting  the  pr — -«"ae- 
ticability  of  j^roceeding  with  the  printing  of  tlie  last  part  of"        the 
CataK)gue,  and  of  c(jmmencing  the  printing  of  the  early  reco^™=>nfe 
of  the  Society,  the  meeting  was  adjourned. 
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Stated  }feetm<j,  December  16,  1883, 

Present,  9  members. 
Dr.  Bkixton  in  the  Chair. 

Letters  accepting  membership  were  received  from  G. 
Tschermak,  Director  of  the  Mineralogical  Institute'  dated 
XI  Maximilian  phitz  15,  Vienna;  and  from  F.  Eeinhard 
Blum,  dated  Heidelberg,  Nov.  20, 1882. 

Donations  for  the  Library  were  received  from  the  Trustees 
of  the  Indian  Museum  at  Calcutta ;  the  Royal  Academies  at 
Af  unich  and  Brussels ;  the  Zoologischer  Anzeiger ;  the  Bata- 
rian  S(x;iety  ;  the  Royal  Library  at  the  Hague;  the  Royal 
l/uscum  at  Brussels;  Dr.  L.  G.  DeKoninck,  of  Li6ge ;  the 
-^ographical  Societies  at  Paris  and  Bordeaux ;  the  Revue 
c:>litique;  the  Royal  Astronomical  Society,  Lords  Commis- 
i>:iiers  of  the  Admiralty,  and  Nature,  London ;  Harvard  Col- 
^^  Observatory  ;  American  Journal  of  Science ;  Mr.  Henry 
liitall,  Philadelphia ;  the  U.  S.  Signal  Service  Bureau,  and 
^^li  Commission,  and  a  copy  of  Lieut.-Com.  Gorringe's  illus- 
^^ed  book  on  tlic  Obelisk,  from  Dr.  Persifor  Frazer,  Phila- 
'Iphia. 

^I^r.  Frazer  read  a  communication  on  "  The  horizon  of  the 
'^U.th  Valley  Hill  Rucks  in  Pennsylvania." 

T*rof.  Cope  commmiicatcd  a  paper  "On  the  Brains  of  the 
'^Ocene  Mammalia :  Theocodus  and  Pteryptichus,^^  with  two  oc- 
'■^vo  plates. 

Pending  nominations  9 (19  to  97<>,  and  new  nominations  977 
^<^  980,  were  read. 

And  the  meeting  was  adjourned. 
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The  Horizoi  of  the  South  Valley  Hill  Hocks  iti  PenniyUania,    By  Dr. 

PtrBifur  Prazer» 

{Read  before  the  American  Philogoiihical  Society,  December  lo,  iSSi.) 

The  regions  of  tlie  State  in  which  the  above  rocks  occur  having  been  in- 
dependeiitly  studied  by  different  observers,  their  labors  have  been  brought 
to  contact,  and  it  is  found  that  a  difference  of  theory  almost  as  old  as 
geological  investigation  in  this  country,  exists  in  the  respective  views 
of  the  workers. 

Tlie  substance  of  one  of  these  tlieories  has  just  been  issued  in  the  Re- 
port Cg,  of  the  S(?cond  Geological  Survey  Reports,  of  which  the  subject 
is.  "Philadelphia  County  and  the  southern  parts  of  Montgomery  and 
Bucks,  bv  Mr.  Charles  E.'llall."  * 

The  first  argument  advanced  to  prove  the  formation  of  the  schists  of  the 
South  Valley  Hill  subsequently  to  the  Chester  limestone  is,  that  all  the 
dips  of  the  latter  are  southward  or  under  the  former.  That  this  is  so  in 
the  majority  of  cases  (though  with  dips  differing  Iwth  m  direction  and 
intensity),  is  undoubtedly  true,  but  there  are  exceptions  to  this  rule  in 
Sadsbury,  Cain,  East  Cain,  West  Whiteland,  East  Whiteland  and  Tred- 
dyfrin  ;  in  other  words,  in  six  out  of  the  seven  town8hi)>s  in  which  thii 
contact  occurs  in  Chester  county.  [See  table  on  page  108  of  Memoir  on 
the  Geology  of  S.  E.  Pennsylvania,  by  writer.] 

Tliese  exceptions  to  the  genenil  rule  are  just  of  such  a  chanicter  as  one 
would  expect  if  w  fault  had  traversed  a  region  of  high  but  jrenerallyre 
vrT-i.Ml  (lip<.    \ 

*  1 ,1  tilt'  iiil  loiluctinii  In  t  lii^  volinut-.  I'roi.  Kr-lcy  jin-iil  ion-  I  lie  St-i  penJiiii  >'' 
lirvii  Mawru'-  turning;  soutli  t(>\vjii«l>  tin-  lowii  nt  Lh«'>t<M-,  aiui  not  contiir:;!!*.' 
Ill  il>- '^outh-\v«^st  ootir>o  tlH-<)iiji:li  ndawjin*  uiid  riirstfi*  toiintii's.  Tlir  rv.-l- :cr 
()(  thi-  (li<l  not  ai)p('jir  trom  a  somewhat  rai)i(l  scaifh  throujrli  Mr.  Hall'-- ^"■ 
iinic.  (Ml  pair*' *^"^  lie  .i^iv«-.s  tin*  coursi' ot  the  Serpontiiic  :i><  tar  W(> -t  us  tfui'Oint 
a  lilt  !••  south  ot  r.iyn  Mawr,  and  on  ]>p.  "2.')  jiinl  i*".  he  speaks  of  the  outfi'«iV>"* 
l)rlon;rini;  tooni*  th'p(^).slt,  and  elearly  indieat«'s  his  bi'lief  that  th«*y  are  «'I  •>■■ 
clinal  .st  met  ui<'  though  ai>])ar«'ntly  scattered. 

It  i^  dillieuU  to  l)rli(!vr  that  tlw  >ri])entine  at  liryn  Mawr  i«.  not  emnu't't'-- 
^^itll  that  north  ol  iJadnor,  t'te..  and  doc-  not  l)«'lon^  to  tin?  b»dt  whirl;  tniv' 
sin;i  (,ln'~t«'r  eoimty  with  a  breadth  bi'tween  the  «'xtrenio  line>  of  i^olateil  ••'■*■ 
eroi>s  ot  troni  tlv<'  to  rii;ht  miles,  become-  v<My  Iar«;:(d\-  tlevelop^-d  in  Wi'-t  N't 
tin;^ham  and  the  neiirhborinir  t(»wn ships  of  Chest* t  and  Liineusl<-r. 

+  It  i- of  <onrsea  slip  of  the  pen  wln-n  Prof.  Lesley  says  that  Ui«.-  jire.seMC' "■ 
Hudson  Uivrr  plant-fornis  Is  shown  in  Trot.  Fra/.er's  Ki'port  C^.  C-is  de>t»l«^ 
to  AdaJiis  and  jKirt  ol  Franklin  eounth'-,  ^c.     N<ir  is  any  siieh  statement  iii( 

Then  was  in  the  collect  ion  of  sjx'einieiis  at  the  Lincoln  L'nivci-slty  a  tt»»*' 
said  to  have  been  found  In  one  of  the  Peach  Iloltom  slat*-  «inarrles  wliicli  va' 
determined  to  be  liufJinfrcjihis jlfjcuosa.  All  eflorts,  however,  to  tind  this  l'>"'' 
in  place  were  iinsiieees.sful.  Hesi,b.s  this,  even  if  the  Peacdi  liotlom  slato^*''' 
«letermiin'tl  to  be  ot  Hudson  Kivcra;xe.  it  would  be  very  tar  from  j>r<ivinK'-^' 
t  he  «ireat  mass  of  the  .South  Valley  Hill  stdiists  was  of  this  ajrc.  I'uius*'!^ 
taken  in  the  description  f»f  the  '»us<iuelianna  Section,  pp.  140-111.  to  show  tin' 
t  lie  st  rueture  below  Kishinjr  creek,  ami  esi>eclally  near  ]*eter's  en'ek.  wa-  ""•  '''■ 
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wrilpr  tttki's  iBsixe  wii.li  Mr.  Hall,  iia  wiM  iippi^ftf  fiiialuT  on  in  Uis 
lUlcnieDt,  M  lo  Ibe  ateiini'O  uf  krgi.-  uinsses  •/(  si'UJBl  in  couUct  with  the 
~*i>t*ibiui  nod  Willi  tlic  Laiirnntian  aunh  of  the  Chester  Vftllej'.* 
Mr.  IIaII'b  ar^miieui  is  virtually  as  rollons  : 

(],)   •■  TAt  nOudrlpki".  Jt-inagunk  and  Ctuitnut  BUI  lifiU  or  the  S</nth 
Wlty  nut,  w!iicU  it  fqahaitnt  to  part  of  litem,  (iinitot  be  hirfr  tl'ttii  the 
annniian  (,'l%ird  Btltof  Rogtrt)." 
Till*  will  be  iinivorBnlly  cnncmictl. 
(■2.)   "U  U  ttiKir  thul  lilt.  Ihtiil—n  mntUtant  leiu depti*iteJ on  thU  Third 


Tbia  is  not  olenr  ext'cpl.  [H'rliii]i8  nvi^r  a  liiniled  iiri'it.  It  is  not  true  uf 
IE  rotmliiin  ill  LiiDciuilcr,  nor  is  it  true  of  the  Poi«dam  in  Soutliora  Ches- 
if,  nor  in  pun*  or  >ioiilu'rn  CheBler,  For  inHiontc,  ilie  eviilence  that 
le  Potsiitm.  between  Doe  Uuri  fLOd  Tonghkeiiaiuon,  underliea  the  limc- 
onc  »inl  oTorlies  Uii;  cliloriU'  sehlsis  oX  tlwi  rej;ii)n  is  very  strong,  ir 
le  limcslanc  intcr|)oseil  bctwci-n  the  iinitrtzllc  nnd  llie  sohisU,  then  n 
>nl«'r  or  ttiiiCBtono  should  show  on  tlic  east  nnd  west  onds  aluiig  Llio 
legnlar  boiimlnry  Dfilic  PotEitiim  area,  bin  it  dues  not. 
A  caries  or  BinaH  dotoclied  exi>osurus  of  liniestorio  slretrh  mat  by  norili 
the  Due  Run  limeMunuund  liketliclnttersUownotrueeul  Puisdiiiuun 
!|r  nonhcrn  edges  T  e  en  we  as  the  Doe  Hun  limeHione.  are  held  to 
otitur  tbau  the  Po    t        becuu      the  dip  ia  S.  or  9.  E.  cuatiuuouily 


Uio  Sniilh  Valey  II 

lioD.   so  iliDt   r  no       u 

Uiuil,  anil  faiin  t    le  ay 

ta  llmestoni'  is  yo  ng        u 

ttlieni  e<lge  h  yoiingt  r  ihnr 

1>  Ibe  I 


tn  pnlntnil  out, 

aaslas  tlie  «Iruolura  ol 

mUplBCliie  tJiakarlosHl 

tw*on  tfaD  gentle  axis  of  Tdoiiiiuii  oraek  «ii< 
■n  oUjMiUclii  III  tliDDd  wlui  i^redlt  thu  Tnc'll 

OV«Ili«nnim>loiiF. 
Tnaiplanatlaritol  Uutbon  BEvti'iilitMcal 

It  e>WI>l|lnB  the  li'irlEuna  itt  ttiH  inuHBima  I 

realtoyiithorortliu  liintisUiiiv  In  tboaorle*. 

MTMtedllic  roslou),  atnull  line  nortli  ol  i 
U  tooaly  (kir  tu  ailrnlt.  however.  IhHt  lliH  III 


^nwdtoeoreo'  it  Mr,  lA-wrBuato 

3  Ik*  vresp.  mu-itlM  iV);ur<)e<l  ua  ■ 
i  MoUll  gut>liiglHta  to  our  own  u 
iraahKveliFsniililetodlatlndly  I 


liwivds,  ilfi-reiiti'iff  in  iulensily  in  ihnl 

)c  in  I  tlie  structure  must  lie  considered 

Tho  iiiciinlDg  ur  ihis  is  that  the  Doe 

I      cresl  of  the  Viilley  Hill,  ttoil  Llml  Us 

ts  nnnlicrn  edge  (sinee  tbe  preiionderance 

erlootly  «uy,  us 
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of  southerly  dips  continues  across  the  belt).  On  its  southern  edge  res*^ 
the  Potsdam  in  W.  Marlboro'  township,  still  with  a  south  dip  (i.e..  S.  i:)- 
E.-45";  S.  5^  E.-70O;  S.  2(P  W.-40<^  ;  E.20O  S.-4(P,  &c.,  &c.).  that  rap- 
idly becomes  gently  undulating  and  almost  horizontal  :  and  this  structure 
continues  to  the  Delaware  line. 

The  axes  of  the  Chikis  anticlinal  folds  can  be  seen  to  be  mica  schl^:  *^( 
similar  character  to  that  of  the  South  Valley  Hill. 

The  rock  underlying  the  possible  Potsdam  quartzites  in  the  lower  Sih- 
quehanna.  are  clearl}'  of  the  same  character  and  series. 

The  Pot.sdam  in  York  county  is  seen  to  overlie  the  same  schists  nt-ar 
Wrightsville  and  York,  near  the  former  ot  which,  as  if  to  settle  all  doubt, 
two  or  three  folds  bring  to  the  surface  within  a  short  distance  all  the  men? 
ures  above  and  below  it.  The  Potsdam  of  Franklin  county  which  lies  u|)on 
the  South  mountain  covers  these  same  schists,  and  the  verj'  numerous 
varieties  of  clays  and  as.sociated  iron  ores  which  are  due  to  their  decoiniw 
sit  ion. 

The  North  Valley  Hill  quartzite  in  Sadsbury,  Valley,  East  and  Vt'e^i 
Brandy  wine,  Upper  and  Lower  UwchliiU.  and  other  townships,  is  pre- 
ceded and  succeeded  by  gneissoid  and  chloritic  micji  schists,  as  set*n 
at  Atglen,  Pomeroy,  *  Stottsville,  Sadsburyville.  north  of  Downinc- 
towu,  on  tlie  Brandywine,  north  and  south  of  Lionville,  and  at  other 
places. 

In  this  connection,  the  following,  taken  from  the  notes  which  were  ni:i'l«' 
by  Mr.   Hull  and  the  writer,  wlien,  in  September.  187^.  they  visited  tc 
<r<'lh('r  Harper's    Ferry,    and   niadr  a   -cction  nt'  iIk-  I'otoinac  river  in  i'» 
viciiiiiw  niav  noi  he  wiilmut  intci'cst.      It  i-  M('('<''->arv  to  i»rcini*«<*  thai  ^I^ 
Hall  li()l(N  till   (>i>ini(>n.  which  is  the  natufal  ih'durtjcMi   from  ]ii<  vir\\-  '* 
the   hori/on  (»t   llu.'  South    Valhy    Hill    -(■hi>>t>.    that    the    fork    anIiiiIi  l''i' 
write!' ha<^  (1f'-in;n;it(Ml  "Mountain  ('reek  IJock"'  Iroin  it-  oceurriiu*  i::'!' 
liair  ot  \\io.  South  mountain  which  i->  ciuitimious  to  this  -trtain,  is  a  rr;';; 
Sf'iitative  of  tlu'  I'ot-dain. 

The  c\j>o^ui'e  at  the  head  of  the  bridi^e  on  the  Mankind  --itle.  (»}>;»<•■•' 
Har|K  r-  I'eriv,  i<  (da  'svc:\\  nia^s  ot  tjiis  schi<to<c  rock  with  fniiriDi'ni*   ' 
lMid<  (luaii/.  dij)pinLi  S.  -V)     IC.-l")   .     'I'hi-  continues  ti»r  an  hori/ouM*  ■':• 
tance   (d   Idill    teet   ('It."",  meters)   ca-i   and    w  c-t   td    the  bridp:e.  a'"n_-'  ''-" 
I'otomae  ri\ci'. 

Tt>  the  w  c-t  theie  a]»i>e:ir<  an   hydro  luiea  ^<hi^t,  dipjdnir  S.  4"    E    '^ 
I'Ui  <nrliiiLi  >-o  a-  to  rcniler  it  dilVicult  to  a^ci'tain  the  true  dip 

]-'ui'lh<-r  wc-t  ai'e  met  in  >ucce>.sion  . 

.  <  i  lecuish  chlorite  ^lat<'-. 
I  llvdi'o  mica  -lates  vcr\'  much  couvoluteil. 
'   1 1  \  diM  mica  >lates. 
(  hl-.i-iic -Lite.- dijipiiiLr  K.  'J'l    ^.  :5."»   . 
All  the  ;ili<»\  (' Ti;i\  <    jiracticallv  one  dip. 

*  ^tott  ~vil  li".  w  liiii,   i-  o'liil  tf'l    iPttiii    I  li  '  u'C);*".'!!-;!)    lji;4>  f>!    (  lit -^Icl  <'"   ■'* 
on  Ihf  -iMiihtMii  ^i'lc  o!   il.i'  willcy  (»iiiHi>ili'  IN.mik-i  n\-. 
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Very  compact  dark  blue  slate  S.  30-  E.-2G^. 
Same,  with  N.  W.  dip'for  a  short  distance. 
Same.     Dip  E.  30^  S.-20^. 

Same.     Din  X.  30-  W.-24^  (in  ravine  300  ft.  wide). 
Same.     Dip  E.  15^  S.-  rh  30O. 
B  •(  Same.     Much  intersecting  quartz. 
Same.     Dip  -Jz  S.  E.  ±:  4(P, 
Same.     Dip  zh  S.  35^  E.-2o-. 

Sandj^  slate,  weathered  nacreous  schist  E.  30'  S.-20-. 
Iron  ore  clavs. 
I  Limestone,  with  traces  of  fossils. 

The  horizontal  distance  covered  by  group  A  is  4341  feet,  and  by  group 
B,  6060  feet. 

It  will  not  be  easj'-  to  construct  an  inversion  with  these  dips.  It  cannot 
be  denied  that  t/tis  Mountain  Creek  rock  lies  on  chlorite  and  hydro-micas, 
and,  if  there  be  no  fault,  according  to  Mr.  Hall's  theory,  the  fossil iferous 
limestone  should  lie  about  3000  feet  below  these  schists. 

At  1029  feet  east  of  the  bridge  the  Mountain  Creek  rock,  still  dipping 
E.  25^  S.-25^,  is  replaced  by  hydro-mica  schist  as  if  irerf  by  the  gradual 
dying  out  of  the  fragments  of  quartz.  The  dip  in  the  first  part  of  these 
measures,  which  assumes  the  entirely  changed  form,  is  E.  30^  8.-32^. 
This  goes  on  alternating  with  quartzite  and  chlorite  schists  for  2700  feet, 
when  a  Mountain  Creek  rock  comes  in  lying  unconforniably  against  the 
preceding.  A  repetition  of  the  Mountain  Creek  rock  commences  from 
here,  which  is  about  100  feet  west  of  the  first  house*  [*iu  1876]  of  the  set- 
tlement on  the  Maryland  side  of  the  river,  opposite  Harper's  Ferry. 

Chlorites,  hydro-micas  and  quartzites  theretbre  clearly  lie  above  and  in 
contact  with  the  Potsdam  if  this  be  its  representative. 

(3.)  "But  it  is  equally  clear  that  tfw  mica  schists  and  gneisses  are  not 
found  between  the  Primal  and  the  rockx  of  the  third  belt/' 

This  is,  perhaps,  equally  clear  with  Proposition  2,  but  no  more  so. 

As  incidentally  mentioned  above,  the  whole  structure  of  the  east  fiank 
of  the  South  mountain  is  opposed  to  this  view.  Here  the  schists  lie  on  the 
central  kernel  or  axis  which,  whether  it  be  Laurentian  or  Huronian  is, 
without  doubt,  older  than  the  rocks  we  are  discussing. 

In  Section  9,  of  Rejwrt  CC,  small  synclinals  of  Potsdam  are  seen  rest- 
ing on  the  schists.  In  Section  7of  CC,  four  miles  S.  E.  of  Mt.  Holly,  the 
I*otsdam  (?)  quartzite  is  seen  overlying  and  underlying  the  chlorite  slates. 

At  Chikis  a  belt  of  schists  underlies  the  upper  Potsdam  quartzite  and 
overlies  the  lower  quartzite. 

If  the  quartz  rock  of  Peter's  creek  be  the  Potsdam,  it  lies  on  chlorite 
*^hists.  8o  do  the  detached  masses  of  Potsdam  quartzite  of  North  Co- 
•^OTiis,  Spring  Garden,  and  Manheim  townships  in  York. 

The  same  is  true  of  the  Potsdam  between  Doe  run  and*Toughkenamon, 
^^^^1  in  other  places  in  South  Chester  and  in  Sadsbury.  E.  and  W.  Brandy- 
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wine  (north  of  Downinp:ton)»  «nd  Tpper  and  Lower  Uwchlan,  north  of 
tlie  Valley. 

As  the  premise  is  not  admitted,  neither  can  be  the  conclusion,  which  i*i 
that :  I  T 

(4.)   "  If  the  micft  ticMsfs  were  older  than  the  PotSiUtm  sttndstone,  they  w*"»* 
httn:  heen  diposifed  up  to  <t  gfogT«iphical  line  uhich  is  sharply  defined.'* 

It  does  not  seem  that  this  follows  ;  but  the  snggesliDn  about  the  £^" 
gnipliiojil  line  opens  the  door  at  once  to  another  explanation  of  whicli-  ^"^ 
jrrounds  will  be  more  fully  stated  presently. 

This  hypothesis  is  :  That  a  fault  line  runs  along  the  South  Valley  "X^"'* 
brinjxing  up  the  lower  pre-Potsdam   schists  and  Laurcntidcs.    That     ^^^^ 
fault  does  not  continue  to  the  extreme  eastern  ]K)int  of  the  syncIinaU 
leaves  it  near  the  eastern   extremity,  and  pursues  a  course  a  little  tcr^  ^"® 
south  of  the  hitter,  thus  cutting  off  the  southern  extension  of  the  Potsi''^  ^^^' 
but  necessarily  leaving  a  part  of  the  northern  sheet  which,  laid  down        ^^' 
conformably  on  Laurentian  and  Iluronian,  has  been  subsequently  ercr:^^^*'^ 
from  the  former  excei)t  along  the  Bound  Hrook  Branch  R.  R.     Tliis         "^' 
pothesis  is  ofl'ered,  with  all  modesty  and  reserve,  simply  from  an  insj;^0^^' 
tion  of  ^Fr.  Hall's  map,  and  without  personal  studj'  of  the  ground.  "*" 

at  least  it  seems  possible  that  that  which  has  happened  to  the  limestr  ^J^^ 
beds,  when  the  fault  passed  through  them,  might  happen  to  the  enclo^^^*'^^ 
Potsdam  when  its  direction  was  through  the  latter. 

(5. )   ' '  Keen  supposing  a  fttuU  ichich  in-  (til  prcbdhility  doe$  exist  a^^^^^^ 
their  northern  edge,  there  would  still  be  some  rtmnantsof  these  roekit^^      ^ 
found  in  their  noitnttl  position  upon  the  syenites  oftJte  Tfiird  Belt,  andfr^    ^^^.r. 
mentti  of  the  rapidly  disintegrating  schists  would  hate  been  entmnbed  in 
Potsdam  sandstone  itself,  even  supposing  th^nitohatc  been  swept  off  the  r 
dtrlying  roeks  north  of  the  present  limit.** 

It  s(;ems  evident  that  the  conditions  are  vcrv  different  here  from  Ih^ 
which  obtain  in  Chester  and  further  west.     The  Susquehanna  Rivers- 
tion  illustrates  at  Tocquan  creek  just  the  state  of  things  spoken  of  here-  - 

The  axis  of  this  great  anticlinal  where,  withcmt  any  doubt  whatev- 
the  lowest  rocks  on  this  river,  within  the  limits  nf  the  State,  are  expos3^ 
consists  of  a  gneiss  nucleus  on  which  lie  chloriticand  hvdro-micji,  andfina! 
(where   Potsdam   might  be   expected)  quartz  schists  or  sehistose-qua^  -^  ^ 
slates. 

Mr.  Hall's  own  dertnition  of  his  "  Edge  If  ill  rock,"  too,  would  seem     -^  *  '^ 
n;nder  it  unnecessary  to  cite  examples  elsewhere.  He  defines  this  rock,  t   "^ 
type  of  his  Potsdam,  to  be    ''usually  2^  fine-gniined  white  or  graysan^^^*" 
stone  and  quartzite,  trith  scales  of  light-e/flond  mica.     It  is  usually  tliiD^t--^  / 
laminated.     Occa»un}al  beds  of  fine  conglomerate  art  met  with.**  (p.  45.) 

What  better  examj^le  of  the  entombed  remains  of  the  underlying  schist-  -*'* 
could  be  expected  ?  If  the  beds  are  thinly  laminated,  it  is  evident  that  tiZT  "^ 
materials  out  of  which  they  are  composed  were  greatly  broken  up.  a*^^^*" 
nothinir  would  remain  of  the  schists  under  the  circumstances  but  the 
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IS  minerals  composing  tliem,  Mr.  Hall  does  not  state  the  nature  of 
igments  fonning  the  conglomerate,  but  on  page  40  the  significitnt 
ent  is  made  that,  "  Itacolumitc  and  hydro-mien  schist  have  been  ap- 

0  the  specimens  analyzed." 

re  can  be  no  error  as  to  the  rocks  thus  spoken  of,  as  appears  from 
d  numbers  which  are  given  of  specimens  of  Potsdam  analyzed,  of 
the  first  two  are  found  on  referring  to  the  analyses  to  be  *'Itacolu- 
and  the  last  four  " Hydro-mica  schist."  It  will  hence  be  unneces- 
)  multiply  examples  of  the  same  kind  which  might  be  taken  from 
'  the  four  counties  enumerated  above.  The  fact  is  indisputably  es- 
led  by  Mr.  Hall  himself  that  remains  of  the  schists  are  abundantly 
in  the  Potsdam. 

his  point  the  simple  sUitement  is  made  that  the  same  difUculties  are 
itered  in  trying  to  find  a  place  for  the  schists  until  the  upper  limit 
limestone  is  passed.  As  it  is  well  known  that  there  is  an  abun- 
of  slates  above  this  limit,  the  inference  is  drawn  that  the  schists 
;  there. 

1  part  of  the  discussion  may  be  left  Avitli  the  remark  that  to  the 
edge  of  the  writer  no  e-xtensive  series  of  chloriti/^  schists  has  been 
to  belong  to  the  measures  which  are  without  dispute  above  the 
>ne  of  II. 

"ief  resume  of  the  principal  reasons  for  assigning  to  these  schists  a 
'jorizon  may  be  here  roughly  sketched  : 

There  can  be  no  doubt  that  the  straight  and  narrow  valley  called  the 
'  Valley  is  connected  actually  with  the  great  Lancaster  limestone, 
t  it  represents  a  part  of  a  synclinal  fold.  The  anticlinal  once  con- 
it  with  the  larger  mass  of  limestone  pjissed  over  (and  probably  high 
U  of  northern  Chester  county.  If  the  schists  to  the  south  of  the 
ie  on  the  limestone,  then  the  entire  thickness  of  the  latter  must 
beneath  the  surface  within  the  limits  of  the  valley.  At  places  (as 
I  Atglen  and  Pomeroy),  the  actual  space  which  may  be  filled  by 
le  varies  from  a  few  hundred  to  fifteen  hundred  feet.  But  the 
ie  as  measured  on  the  Nefisvilleand  Wrightsville  sections  is  about 
it  thick.  Of  course  if  there  be  wn  upthrow  on  the  south,  any 
of  the  upper  part  of  the  limestone  may  have  been  eroded  and  any 
^riion  of  the  lower  beds  left. 

nps  are  northward  along  the  western  part  of  Sadsbury  township  ; 
y  are  in  sandy  mica  schist  and  gneiss  on  the  north  side  [as  for  ex- 
N.  10^  W.-30^  (Atglen)  ;  X.  450  W.-IO^;  N.-50"^  (near  Parkes- 
.  N.  450  W.-40^  (ditto)].  The  limestone  when  first  found  in  place 
inachine  shops  in  Parkesburg  strikes  E.  250  N.-  vertical.  Further 
earPomeroy  it  is  on  the  northern  edge  of  the  valley  X.  /<P  W.-SO^^. 
tiposed  gneiss  just  north  of  Pomeroy  gives  a  succession  of  S.  E.  dips 
8. 100  E.-850.  A  few  hundred  feet  south  of  the  north  dip  in  the 
one  is  a  dip  dz  S.-8(P,  and  a  thousand  feet  or  so  in  the  same  direc- 
.  150  E.-GO^  etc. 
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Nortli  of  the  gneissoid  schists  agaiu  the  quartzite  dips  iiuuu., ... 
and  tliercforc  underlies  these  schists  while  the  limcfltone  either  abuts  upon 
tlieni  or  overhcs  tlieni  in  a  sliarp  upward  curve,  which  can  no  longer  be 
traced. 

(2.)  The  objection  to  the  mathematical  straightncss  of  the  line  of  junc- 
tion of  such  soft  rocks  as  the  hydro-mica  schists  and  the  limestones  is  a 
serious  one.     Nolhinij:  is  more  likely,  on  the  other  hand,  than  thai  such  a 
nmthematical  line  of  deniarcation   should  be  estiiblished   l>y  a  line  of 
fracture. 

(3  )  The  absence  of  limestone  from  the  junction  of  the  Potsdam  and  tl** 
schists  Irom  Huntingdon  Valley  eastward  on  Mr.  Hall's  map,  is  difftcuHto 
•explain  if  these  schists  really  belong  above  the  limestone,  and  there  bctio 
fault  aloni;  this  line.     If  on  the  other  hand  there  be  a  fault  (which  n^^^' 
niUy  extends  alonir  the  South  Valley  Hill),  it  is  singular  that  it  d«)ef*  ^^^* 
brinj;  up  the  undirrlyinir  limestone  and  broaden  that  valley  if  the  scl*** 
of  the  South  Valley  Hill  are  sui)erior  to  the  limestone. 

(4.)  Thf'  limestone  of  .Vdams,  York  and  Lancaster  counties  believeil 
be  No.  H  of  Uo;;ei*s  is  much  mixed  with  schistose  and  micaceous  matt*?*"  *. 
its  inferior  layers  and  is  usually  ?«urrounded  by  schists  from  which     ^'^ 
foreign  matter  is  d«Tivt?d. 

The  limestone  of  C^hester  county,   near  Stottsville,   Pomeroy,  Par^*'" 
burg,  anil  for  the  wliole  Irnglh  of  the  (Miester  Valley,  Is  similarly  mi  ^*^ 
with  micaceous  matter  and  frequently  resembles  a  mica  schist  moretht^  '^ 
limestone. 

(.").)  Tlie  Potsdam  (piartzile  and  sandstone  near  Coatesvillo  are  siniil?*'*'  ' 
mixed  with  micaceous  material,  and  this  texture  may  be  very  frcquerr"»-        :. 
observed  in  the  lower  lavers  of  the  Potsdam  elsewhere  in  Chester  as    ^  " 
as  wlu.Te  Mr.  Hall  lias  observed  it. 

((».)  Tiic  contac't  of  the  linit'stonc  sometimes  with  the  Pots<lam 
poini'tiincs,  wIhmi  tin'  latter  is  abstmt.  with  the  schists,  may  be  observ 
lower   L.nicasicr  and    apparently   on    the    scmthern    side  of   the    g 
(Tocciiian  V)    anticlinal    which    passes    through    Sadsbury    township^ 

Cln'sicr  and  Lanca>ter  counties. 

(7. )  In  vanousplace>in  Ea-t  and  West  Hnindy wine  and  Lower  I'wch! 
chloriie  :md  hydro  nnea  .sehi^ts  are  abundant  below  the  Potsdam. 
series  ]><  well  exposed  iVoni  a  short  di.'itance  north  of  the  E.  Cain  hor^"  ^i^'J 
on  tile  North  IJraneli  of  the  Rrandy  wine  past  Dowlin's  Forge  and  Dorl:  "^  '^  * 

Mills. 

(^.)  If  llif?  selii-it^  snnili  of  the  Chester  Valley  be  younger  than  *''*' 
linic'^toiii'.  and  tlie  Dim;  Kun  and  Chester  Valley  lin»estones  rei)resent  ''"^ 
one  hor:/.'»n,  tlnre  nm<t  he  a  <yn<linal  f<dd  between  the  two. 

Hut  it  has  l)L'en  <iaie«l  above  tliat  the  dip<  an*  tlatter  towards  tin*  9< »"•-'■ '"• 
>«o  that  il   there  I'c  here  :i  plieatinii,  it  i**  an  anti<'linal. 
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9.)  There  should  be  evidence  of  Potsduin  south  of  the  belt  of  lime- 
168  striking  with  that  of  Doe  Run  to  the  east,  but  there  is  not. 

10.)  There  should  be  evidence  that  the  Doe  Run  limestone  is  above  the 
sdam  to  the  south,  but  the  former  appears  to  dip  under  the  latter. 
'his  limestone  as  well  as  the  small  detached  bodies  just  alluded  to  seem 
be  analogous  to  tliat  between   S -ottsville  and  Rockville  in  Bucks 
mtv. 

11.)  There  are  small  tongues  and  isolated  patches  of  Laurentian  rocks 
urring  in  the  midst  of  these  southern  schists.  One  comes  into  Chester 
inty  from  the  east  in  Eastown  and  Treddyfrin  townships,  and  another 
upies  a  small  area  near  West  Chester.  These  patches  are  bordered  on 
tlieir  sides  by  these  schists  with  no  intervening  rocks.  The  bordering 
ks  therefore  cannot  belong  to  a  group  above  the  Potsdam  and  tl»e 
rer  Silurian  limostone. 

V2.)  Seveml  localities  in  Kennett  Square  and  New  Garden  townships 
libit  areas  of  Potsdam  rocks  surrounded  bv  these  schists  with  no  inter- 
ling  limestone.  The  schists  therefore  cannot  belong  to  an  horizon 
)erior  to  the  latter. 

riiese  are  some  of  the  reason*;  wliich  are  opposed  to  the  structure  sug- 
itedby  Mr.  Hall. 

l^he  section  on  Mr.  Hall's  p.  32  is  so  different  from  the  same  section 
ich  the  writer  made  in  1880,  and  the  conclusions  which  Mr.  Hall  draws 
m  his  .section,  are  so  important,  that  a  rough  copy  of  the  writer's  section 
lierewith  subjoined,  on  an  approximate  scale  of  1425  feet  —  1  inch.  The 
ection  of  the  section  is  about  that  of  the  average  dip  or  S.  12-  ¥j.  It  is 
cessury  t(»  cx))1ain  that  the  first  group  of  dips  is  projected  on  the  line  of 
ition  at  Henderson's  Station  from  the  road  west  of  that  point,  and  the 
Imal  must  lie  west  of  where  tliis  scctitm  begins. 

If  this  junction  be  accepted,  however,  from  Mr.  Hall's  observations,  it 
11  not  atfect  the  important  conclusions  which  suggest  themselves, 
i^t,  of  a  possible  fault  between  the  limestone  with  part  of  its  underlying 
Jiists  and  the  mica-schists  to  the  S  K.  ;  and  secondlv  the  svnclinal  char- 
ter  of  the  limestone  near  Conshohocken,  with  an  anticlinal  of  the  un- 
rlying  schists  to  the  south-east  cut  by  a  trap  dyke. 


Marble  S.  lOO  E.-67='. 
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MEca  Schist  and  liyilio-mica  s 
Siiuimll  of  Ridgo. 


Mica  Scliist  S.  10=  E.-"(0=. 


Mien  Scliist  and  rol ten  gneiss  frgs. 

MlCii  Scliisl  and  giit'iFis  fi-gs. 
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Obituary  JSotice  of  Edouard  Desor.     By  J.  P.  Lesley. 

(Read  befare  the  American  Philosophical  Society,  May  19,  188S.) 

"he  winter  of  1881-2  will  be  remembered  for  the  great  losses  which  tlie 
rid  of  culture  suffered  in  rapid  succession  :  Draper,  Longfellow,  Emer- 
,  in  America  ;  Darwin  and  Desor  in  Europe.  Other  names,  also, 
re  erased  from  the  roll  of  the  world's  prophets  ;  but  tliese  were  teachers 
the  prophets — primates  and  patriarchs  in  the  hierarchy — masters  on 
z>m  others  depended,  and  to  whom  they  deferred — leaders  in  tlie  pro- 
sion  of  thought  and  expression  of  thought — founders  of  styles  and  meth- 
— builders  of  superior  edifices  of  human  knowledge  and  human  taste  ; 
racterizing  tlie  century  in  an  active  as  well  as  a  passive  mood,  and 
refore  leaving  Christendom  in  mourning  for  their  disappearance. 
'he  world  remarks  that  these  men  were  much  beloved.  They  were  gen- 
loving  beings,  as  amiable  as  they  were  vigorous  of  soul.  That  the 
rid  loved  them  and  heard  them  gladly  proves  that  the  world  is  better 
a  it  was.  That  they  could  sing,  and  think,  and  work,  without  moles- 
on,  proves  that  the  world  is  wiser  than  it  was.  The  powers  hostile  to 
nan  enlightenment  have  lost  their  thrones  ;  personal  liberty  is  estab- 
led.  The  tribune  and  the  press  are,  the  pulpit  is  becoming,  enfran- 
sed.  And  as  with  personal  liberty  a  higher  tone  of  private  morals  has 
•ervened,  so  with  liberty  of  speech  and  pen  has  come  into  the  life  of 
ristendom  a  gentler  spirit  of  controversy  and  a  more  judicial  method  of 
estigation.  Fear  is  the  mother  of  cruelty  and  its  brood  of  vices  intel- 
tual  and  physical.  Persecution  has  always  bred  heresy.  The  excom- 
nicated  hate  the  excommunicators  ;  exiles  are  emancipated  from  all 
[>ect  and  affection  for  government.  The  suppression  of  ideas  by  phys- 
l  force  is  like  the  compression  of  explosives  ;  times  are  always  coming 
^pply  the  match  or  pull  the  trigger.  Men  who  are  forced  to  fly  from 
ir  ancestral  homes  to  begin  a  new  career  elsewhere,  acquire  rapidly  by 
'  struggle  for  life  a  noble  development  of  all  their  powers ;  gaze 
on  the  new  world  around  them  with  new  eyes  ;  inform  themselves  of 
lat  would  never  have  interested  them  ;  ally  themselves  with  the  strong- 
'  and  wisest  whom  they  find  ;  invent  enterprises  ;  place  scaling  ladders 
^inst  the  ramparts  of  fame,  and  in  the  end  come  to  be  of  the  number 
the  world's  rulers. 

^uch  was  the  experience  of  the  man  whom,  as  a  member  of  this  Society, 
•  remember  and  lament,  Edouard  Desor  of  Ncufchatel. 
rhe  Desors  were  Huguenots  expelled  from  France  by  the  revocation 
the  edict  of  Nantes.  They  settled  in  Hesse -Homburg,  and  helped  to 
^  there  a  little  colony  which  retained  in  use  the  French  language  in  their 
filings,  schools  and  churches,  while  it  adopted  the  German  language 
intercourse  with  the  world  around. 

n  1811  (Feb.   13th)  our  late  distinguished   fellow -member  Edouard 
8or  was  born  at  Friedrichsdorf  near  Frankford-on-tlie-^Iain.     He  was 


Lesley.]  5  JO  (3l»r». 

baptized  Pierre  Jean  Edouard,  but  liis  publications  and  his  litorarv  cor- 
respondence show  that  ho  liad  dropped  the  first  two  names,  and  few  per- 
sons were  aware  of  liis  having  any  other  personal  designation  thftD  Ed- 
ward. 

His  father's  name  was  Jean  Desor,  and  his  mother's  maiden  name  w 
Christine  Albert ine  Foucar. 

"Desor"  was  originally  "Des  Horts."  meaning  "of  the  gardwi*.' 
A  Catholic  bmuch  of  the  family  Des  Horts  still  reside  at  Marsillargiie?.  is 
the  south  of  France,  on  the  route  from  Lunel  to  Aigucs-Mortcs.  From 
this  little  village  many  Protestant  families  were  aliased  into  exile,  br 
Louis  XIV,  in  1685.  M.  Fritz  Berthoud  in  his  "  L'Hiver  au  Soleil."  d^ 
scribes  how.  in  one  of  tlieir  journeys  to  the  ^lediterranean  coast.  Desor 
and  he  slopped  to  make  the  acquaintance  of  this  sc<?ne  of  pcrseoutinn. 

Jean  Desor,  at  Friedrichsdorf,  conducted  one  of  those  mcnufacturp 
which  France  lost  by  the  folly  of  her  so-called  Great  3Ionarch.  lie  died 
and  lef\  his  two  boys  to  the  care  of  their  mother  ;  but  she,  too.  worn  Ml 
with  misery  and  loneliness,  died,  and  they  grew  up  as  best  they  could 

Young  Desor's  education  was,  however,  on  the  whole  a  good  one;  sflJ 
the  peculiar  constitution  of  his  native  town  gave  him  this  advantag*: 
French  and  Gorman  were  alike  his  mother-tongue.  This  made  it  rt*5 
for  him,  when  the  time  came,  to  lead  a  useful  life  in  Paris,  and  \ostvk 
liiially  at  Ncufchatel,  M'here  both  languages  are  spoken  alike  by  all. 

lie  acquired  a  good  knowledge  of  English,  also.  Several  yo.arsof  ns- 
deuce  in  the  United  States  made  our  language  as  familiar  to  hiscarw* 
toii'iuc  ;c^  \\\<  own  iiiitive  diiilccts.  Altliouirh  he  never  nviTcanic  tin  '•''' 
ticulty  ot  in(nn>uii(iiii:  ■-iich -^ouikN  as  ///.and  always  spukc  <»l  "•  ■■■'■ 
.si,,  rocks,  lie  neverllirli'ss  \vrot»'  KnLrli>li  in  a  xin-jularlv  pwri'  "'}'•  '■' 
^jMi];.' it  \\  iih  a<lnli^a^»]e  pn-cisinn  antl  force  His  hniiX  irit«'r('"'ir- ^''■' 
It.ili.in  ir«'n]()i2is!s  ;in<i  hi>  IVcqiient  rcsidi-ncc-  in  lialy  irave  him  C":-'- 
ot"  ilir  Itali:ui  lanLCuaLic. 

Hi-  earlif.'i- c<lncati<ni  \v:i>  Lfaincil  at  th(^  ixynniasiiun  in  llanaii.    T;.i  " 
he  w:i-  1  mnsfcrnMl  to  tiic  Tnivcrsify  of  (Jies-en,  untl  coniincncfl  i.i'''- 
ic-  (or  tilt'  h'Lial  pioCcs-lon.  which  he  afterwnnU  continued  at  llirl;:'  ■ 
-ity  of  lIcidcllterL:.      His  elder  tirother  Mdoptci]  the  cnreer  of  :i  I'li}"'' 

At  (iic>->('ii  :ilso  wa-  educated  Drsor's  coll«';iiiue  in  stjence  :uul  ii''  '* 
hovoni  friend.  K:irl  \  oiri,  wlio  wa-  six  years  his  junior,  an«J  who  sliU  *' 

L*    \    * 
- X     .......        '■^'' 

at  H<'i(h']l)i'rLr.  and  ( is;>."))  anatomy  nnd  i)hysioh)iry  with  Valciitin.il  1>''"'' 
when  Dt.'sor  was  already  otahlished  with  VAu".  de  Heaumoni  in  Pari*- 

A<  his  loretather>  had  heen  persecuted  out  of  France  into  (ienniny  " 
their  relii;ious  and  political  here>ie>.  ^o  Desor  and  his  brother  were »ir'^'" 
hack  from  (lermanv  into  France  bv  perseeutitm,  on  account  of  tk'''^'' 
thu<ia*'tic  sympathy  with  tin;  revolutionary  exciteiuent  of  \^'-*^\  ^"'** 
pervaded  all  Euro|)e.  tlu'  juinciples  of  which  were  elahonited  in  ili**'*''- 
ver^jitic-  of  (Germany,  and  preached  and  practised  hy  the  entire  hur^i''^'"' 
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aft,  inflamed  with  vague  hopes  of  a  repetition  of  the  French  revolution, 
destruction  of  irresponsible  princedoms,  and  the  liberation  and  uniflca- 
1  of  the  Fatherland.  Vogt  fled  to  Switzerland.  Desor's  brother,  after 
tiort  stay  in  Paris,  settled  also  in  Switzerland,  at  NeufchStel,  although 
,t  canton  was  an  appanage  of  Prussia,  and  its  inliabitants  spoke  French 
I  German  indifferently.  But  Desor  himself  remained  in  Paris  from  183^ 
^ards  until  his  brother's  marriage  to  a  wealthy  lad}',  M'Ue  de  Pierre, 
Bdle-over-Colombier,  proved  too  strong  an  attraction,  and  he  became  a 
iss,  not  only  in  residence,  but  in  heart  and  soul  and  character,  and  re- 
kined  a  Swiss  to  the  last  day  of  his  life. 

[n  Paris  he  tried  at  first  to  support  himself  by  translating,  for  a  French 
blisher,  Ritter's  Erdkunde.  He  was  also  employed  by  Dr.  Hahnemann 
his  private  secretary.  I  have  heard  him  affirm  of  his  own  knowledge 
%i  the  transfer  of  simple  homojopathy  on  to  the  tmncendental  ground  of 
Initesimal  doses,  w^ith  correspondingly  high  powers,  was  the  work  of 
^dame  Hahnemann  ;  her  husband  having  nothing  to  do  with  it. 

tn  Paris,  Desor  studied  geology  under  Elie  de  Beaumont  who,  then  34 
ars  old,  had  become  Professor  of  Geology  in  the  College  of  France  in 
3^2  the  year  of  Desor's  expatriation. 

This  year  of  1832  is  famous  in  the  liistory  of  our  science,  for  it  marks 
St  the  date  of  the  labors  of  Sedgewick  and  Murchison  in  Kngland  and 
ales.  It  was  also  the  year  of  the  cholera.  In  1833  Elie  de  Beaumont 
ts  made  Chief  Engineer  of  Mines  ;  and  with  Dufreiioy  commenced  the 
Bparaiion  of  the  great  geological  map  of  Fmnce,  published  in  1841.  His 
>untain  Systems  did  not  appear  until  1852  ;  but  during  the  interval  of  20 
a>r8  he  was  elaborating  that  masterpiece  of  geological  genius  in  lectures 
^ich  raised  him  to  the  pinnacle  on  which  he  stood  until  his  death  as  the 
latest  living  geologist,  while  it  overthrew  the  factitious  reputation  of 
*  great  popular  rival  Leopold  von  Buch. 

*^esor,  however,  was  not  much  influenced  by  the  special  views  of  his 
^^t  master  regarding  the  structure  of  tlie  eartli,  and  was  too  much  in- 
^need  b}'  the  vague  notions  of  the  Swiss  geologist  Thurman,  who  tried 
*^pply  a  modification  of  Von  Buch's  elevation  theory  to  the  anticlinals 
^lie  Jura.  Nor  is  it  strange  that  Desor,  only  21  years  old,  should  not 
^e  been  more  influenced  by  Elie  de  Beaumont's  peculiar  structural 
Tories.  It  cannot  be  otherwise,  however,  than  that  his  subsequent  de- 
^>On  to  geology  was  born  in  him  by  the  teaching  of  his  gceat  master, 
^fter  years  he  threw  himself  with  ardor  into  orographic  research  ;  but  it 
^  always  more  practical  than  speculative  ;  and  the  extensive  orographic 
^^ies  which  he  continued  at  intervals  until  his  death  were  probably 
*^nly  due  to  his  experiences  on  the  glacier  of  the  Aar.  Ilis  memoirs  on 
^^  Massifs  of  the  Alps  are  inspired  by  quite  a  dilferent  motive  from  that 
'^ich  impelled  Elie  de  Beaumont  to  the  construction  of  his  crystalline 
lobe.  For  Desor  the  structure  of  valleys  through  whicli  descended  his 
Wiers  was  the  main  thing  !  The  surface,  and  not  the  underground,  held 
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his  ■ttentioD.  Hb  ■jHtematlntlon  ot  Alpine  mngea  ja  vrhuli}-  Uipogafb. 
leal ;  not  U  til  mlnenloglcal,  much  Icat  plutonic.  In  my  many  cttam 
sotions  wlUiJhim  I  heud  no  Ihsorj  eampe  his  lips  whklt  w«nl  ib^ 
than  the  «nMion  of  the  nubce,  nor  waa  Elie  de  Ileaumont  tvrr  allixlfl  I 
to.    Hit  orognphT-  wu  eiMiiUally  >]'st<Mnaiic  nad  dcscrljiiiVH.  ] 

HeeccompuiiedBUede  Beuunont  i<>  ili'' mcj^ting  of  thu  IlelTotlcS*  ,, 
cietf,  at  Neufohfttel,  hi  188T.  and  there  bi-i^miic  noinsinted  wiib  Aju^i  I 
and  this  becnme  the  turnbg  polatof  IiIh  Intel  lc«-iual  IU«.  Itultbslnttt 
suit  of  (he  infloence  vhlch  Agasalz  exerted  avnr  litni  wm  liMtlla  mt^ 
train  of  thought  ■nggetted  U)  him  bj  Klir  dr  Bcnuaioat.  It  drcir  UnlM 
Into  the  study  ot  the  foesU  forms  hi  t)ii:  lucka  of  the  Jura  Mounatrntid 
then  Into  the  study  of  the  glaciers  of  tliu  Alps, 
Joined  the  corps  of  Penusylranla  geoloifUis,  in  lti53,  tlint  liUtoW 
really  opened  to  the  wonderfhl  phenoincnn  wliicti  had  long  befuT* 
tlic  genius  of  Elie  de  Beaumont  to  rcrtinslruct  Ihe  fundamontai 


of  structural  geology.  In  fact,  the  bout  ul  D<!sor's  mliid  was  for  iaiMl^ 
gating  the  forms  and  habits  and  metiimnr]>l'08P4  of  ihe  aniiniilvurliJiiH 
the  large  way  In  which  he  afterwards  punuvd  tlicse  »iudin>  wai  ia  J* 
to  the  iuBtructlonB  of  Elie  dc  Beaumnni  in  Parts,  l>ui  to  iliv  iuBuuai^' 
the  superior  genius  of  Loula  Agassis  iti  Neufdiiirl,  and  ihroiis'i'^l 
ofthatcoryphmus  of  modern  science,  Agiissi/'a  great  rnimltr,  CdtIvi. 

After  his  return  from  America  to  Bwlt/.trlaud  Desor  studied  Hit  M^ 
ture  of  the  Jura  Uouutaiug  with  acletirer  visiqn  ;  hut,  whDo  \,\tilttdBm 
ofslructoral  forms  was  singularly  precise  and  compkui,  his  ihNf^ 
conclusions  were  nlwnjs  based  on  more  violent  hypolhfips  l]iMi(bo*» 
vD^iiL- ill  tlic  school  of  Lyell.  He  riMnained  to  hb  la«t  dHVH  a  mod"*" 
Ciitai-lysmist  liuth  :>s  to  plication  and  us  l6  (.toejoii. 

Afler  Iciiving  I'ariM  lo  take  up  his  jierniunent  residence  in  SwllWl'" 
Dfsor  lived  for  a  short  lime  in  the  iious.;  of  Professor  Vogt.  the  (MW^ 
Kiirl  Vogt,  in  Rcrnc,  At  one  of  the  annual  reuniuitfl  of  tbo  Heht***- 
cifty  of  Niilunil  SciciU'es  Vogt  iiitrodLiCL-d  Desor  to  Agassii,  wlio  llrfW*' 
liini  to  sclllu  in  NcufuhSicl.  Agtissiz,  born  In  1807,  n'«5on1y  4  yesneUF' 
limn  DeBor,  and  iliey  soon  cstnblistied  a  close  brotlierhoo<l  in  BOd«lf  W* 
siienec,  which  lasted  nearly  Iwi-nly  yoars.  Agassii  Itad  studied  mtiU^ 
111  Zurich,  Heidelberg  and  Munich  ;  but  by  a  curioUH  ncildent,  wliiAtr 
«a-fon.li)fniirralins,  bis  re-ifleiiiu  in  the  same  houBe  with  an  Ml» 
ivbi'<c  I'oimiH  wrri'  tilled  nlili  prepnmtlons  of  flsh,  Agassli:  became  «0i^ 
oriMl  of  ibal  spcd:il  br.mch  of  Njitiiml  ilislury  ;  bad  eliidiwl  \]A  I* 
lirou^'bt  from  Ura/ilby  Miirlins  AiSjii'  ■!■  ■,.  i.i-i,.  ■  j,i-  .MilLinv 
tion  of  ibcm  in  isaii-;ti  ;  i<nd  ww  opi  '  .  '  llt>iotT 

1.1  Neufthfilel  in  l.s:f3,  where  he  ivas  i «aiid*, 

into  Ihc  nature  and  disiributiou  of  fo?si!  fisb.  It  whs  during  a  rUttl 
I'lirls  Ibat  Agnsslz  madi;  fiiends  wllli  Cuvier  and  IlunibokU  ;  and  at  ft* 
his  great  worl(  on  Ibc  C'liissiliitilion  of  Fish  went  [hrongh  the-|iress  doim 
Ibc  ten  ywirf  from  is:i2  h.  !Sf>. 

Tiic?uinm.-i-  vacaiii.n-  ,.f  Ap.-i^  H.^re  P|icnl  on  the  gladerof  ilieAtf. 


the  conimunicatioD,  description,  or  model,  except  the  officer  to  whom 
ihU  be  entmsted  ;  nor  shall  such  officer  part  with  the  same  out  of  his 
(xly,  without  a  special  order  of  the  Society  for  that  purpose. 

The  Society,  having  previously  referred  the  several  communications 
1  candidates  for  the  premium,  then  depending,  to  the  consideration  ot 
twelve  counsellors  and  other  offices  of  the  Society,  and  having  received 
r  report  thereon,  shall,  at  one  of  their  stated  meetings  in  the  month  of 
ember,  annually,  after  the  expiration  of  this  current  year  (of  the  time 
place,  together  with  the  particular  occasion  of  which  meeting  due  no- 
shall  be  previously  given,  by  public  advertisement)  proceed  to  final 
idication  of  the  said  premium  ;  and,  after  due  consideration-had,  a  vote 
]  first  be  taken  on  this  question,  viz. :  Whether  any  of  the  communica- 
a  then  under  inspection  be  worthy  of  the  proposed  premium  ?  If  this 
frtion  be  determined  in  the  negative,  the  whole  business  shall  be  de- 
5d  till  another  year  ;  but  if  in  the  affirmative,  the  Society  shall  proceed 
etermine  by  ballot,  given  by  the  members  at  large,  the  discovery,  in- 
lon  or  improvement  most  useftil  and  worthy  ;  and  that  discovery,  in- 
ion,  or  improvement  which  shall  be  found  to  have  a  majority  of 
burring  votes  in  its  favor  shall  be  successful ;  and  then,  and  not  till 
,  the  sealed  letter  accompanying  the  crowned  performance  shall  be 
Lcd,  and  the  name  of  the  author  announced  as  the  person  entitled  to 
(aid  premium. 

No  member  of  the  Society  who  is  a  candidate  for  the  premium  then 
ending,  or  who  hath  not  previously  declared  to  the  Society,  that  he  has 
Idered  and  weighed,  according  to  the  best  of  his  Judgment,  the  com- 
tive  merits  of  the  several  claims  then  under  consideration,  shall  sit  in 
.tnent,  or  give  his  vote  in  awarding  the  said  premium. 

A  full  account  of  the  crowned  subject  shall  be  published  by  the  So- 
',  as  soon  as  may  l>e  after  the  adjudication,  cither  in  a  separate  publi- 
>n,  or  in  the  next  succeeding  volume  of  their  Transactions,  or  in  both. 

Tlie  unsuccessful  performances  shall  remain  under  consideration,  and 
'  authors  be  considered  as  candidates  for  the  premium  for  five  years 

succeeding  the  time  of  their  presentment ;  except  such  performances 
leir  authors  may,  in  the  meantime,  think  fit  to  withdraw.  And  the 
ety  shall  annually  publish  an  abstract  of  the  titles,  object,  or  subject 
ter  of  the  communications,  so  under  consideration  ;  such  only  excepted 
le  Society  shall  think  not  worthy  of  public  notice. 

I  The  letters  containing  the  names  of  authors  whose  performances 
I  be  rejected,  or  which  shall  be  found  unsuccessful  after  a  trial  of  five 
•s,  shall  be  burnt  before  the  Society,  without  breaking  the  seals. 

.  In  cjise  there  should  be  a  failure,  in  any  year,  of  any  communication 

thy  of  the  proposed  premium,  there  will  then  be  two  premiums  to  be 

rded  the  next  year.     But  no  accumulation  of  premiums  shall  entitle 

iuthor  to  more  than  one  premium  for  any  one  discovery,  invention  or 

rovement. 

.  The  premium  shall  consist  of  an  oval  plate  of  solid  standard  gold  of 

raliie  of  ten  guineas.     On  one  side  thereof  shall  be  neatly  engraved  a 


reprt'sent  the  two  proniiunis  for  which  the  Society  h  now  li:i 
Tli<*  tre:isiirer  .shall  credit  the  sjiiii  fund  with  the  iiitifrest  n 
invfstiiifnt  thereof,  and,  if  any  surplus  of  said  interest  .shal 
proviilini;  for  the  premiums  which  may  then  he  deniandabU 
sliall  be  us(>d  by  the  Society  for  making  publication  of  the 
said  premium,  and  for  the  addition,  to  the  said  preniiiiin,  of 
as  the  So<ietv  mav  from  time  to  time  think  ^^uilablo,  »»r  for  t 
of  other  ]»remium'^. 

Tlie  inntNiirer  sh:ill.  at  the  first  stated  meetinj;  of  the  S 
month  of  Deci'inlHT  annually,  make  a  report  (»f  the  state  of 
of  th«-  iii\estm«Mit  thereof. 
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Extract  from  the  By-Laws. 


CHAPTER  XII. 


OP  THE  MAQELLAXIC  FUND. 


Seciox  1.  John  Ilyaciuth  de  Magellan,  in  London,  having:  in  the  year 
1786  offered  to  the  Society,  as  a  donation,  the  sum  of  two  hundred  guinea?. 
to  be  by  them  vested  in  a  secure  and  permanent  fund,  to  the  end  that  the 
interest  arising  therefrom  should  be  annually  disposed  of  in  premium?,  to 
be  adjudged  by  them  to  the  author  of  the  best  discovery,  or  mo»t  useful  in- 
vention, relating  to  Navigation,  Astn^nomy,  or  Natural  Pliilosophy  (mere 
natuml  history  only  excepted)  ;  and  the  Society  having  accepted  of  the 
above  donation,  they  hereby  publish  the  conditions,  prescribed  by  the 
donor  and  agreed  to  by  the  Society,  upon  which  the  said  annual  premiums 
will  be*  awarded. 

OONDITIONS   OF    TUE    MAGELLANIC   rUFMirM. 

1.  Tln'  <ainli«lat('  shall  s<'nd  his  discovery,  invention  or  imprnvnii.  :it. 
addn-^scd  to  the  Pn-sideut,  or  one  of  the  Vice-Presidents  of  tin*  S.»ri«:y. 
free  of  po-tage  or  other  eharir»'S  ;  and  shall  distin^^uish  hi>  pt'rforni:ino<-  1'T 
sdine  motto.  devic<'.  or  other  .signature,  at  his  pleasure.  Togrther  wi'li 
hi>  diM'ovrrv,  invention,  ur  improvement,  he  shall  also  send  a  sealeil  lr::-r 
eontaining  tlir  same  motto,  device,  or  signatnre,  and  subscribed  \\iTh  ili' 
rv.n\  narnf  and  place  of  re.-idrnc**  nf  the  autln)r. 

'3.  Prrsoris  of  any  nation,  seel  or  denomination  whatever,  .«hall  b«  :L«.i- 
mitted  a^i  CMndidatr^  for  thi>  }>remium. 

;».  Xn  dixoverv,  iinention  or  improvement  shall  be  entitled  t-.*  thi? 
]»H'iiiii,MM,  w  liicjj  liatli  been  already  published,  or  f«»r  which  the  au'li"' 
liiilli  Im'i  J]  pultlicly  r«  \v:ird»'d  el>ewlH're. 

A.  'Vhr  rarnlidaic  >li:ill  eonmiuiiiratr  his^di'^eovery,  invention  or  irnj.'rov.'- 
iiuriT,  I'ithii'  in  the  l-^riirlisli,  I'^n-ncli,  (lerman,  or  Tjaliu  languagi'. 

.">.  Ail  -IK  Ii  ('()nnnuni<;nions  >liall  be  publicly  read  or  c.xhibile.i  to  »!»■' 
SiM-itiyiit  .-<>ni«'  >tMt<'il  meelin'j.  not  less  than  one  month  previnu-*  tii  tli- 
d:iy  ol  luiJiKiicitioii.  ;iiid  >ii;ill  :it  all  tlun's  be  open  to  th*-  iosperni»Li  <■: 
-Mill  meinlu'i-M^  >iiall  d(  >^irr  it      Hut  no  member  shall  carrv  h«>mt  wi'l 


M82.3  ^23  [Lesley. 

his  "Studies  of  Glaciers"  appeared  in  1840,  and  liis  "Glacial  System  "  in 
1847. 

For  eight  successive  summers  Agasaiz  and  Desor  lived  upon  the 
glacier  of  the  Aar,  and  each  summer  ascended,  mostly  for  the  first  time, 
one  or  more  of  the  peaks  of  the  Oberland.  With  two  friends  and  four 
guides  they  were  the  first  to  stand  on  the  summit  of  the  Jungfrau. 

The  great  flat  rock  in  the  middle  of  the  medial  moraine  of  the  glacier 
of  the  Aar,  pictures  of  which  are  so  familiar  to  all  readers  of  books  treat- 
ing of  the  glacial  phenomena  of  the  Alps,  was  called  the  "  Hotel  des 
Neufchatelois,"  and  during  its  slow  majestic  descent  of  the  valley  it  enter- 
tained more  celebrities,  and  listened  to  more  scientific  talk  than  any  other 
house  in  Europe.  All  the  world  of  science  bent  its  steps,  summer  after 
summer,  to  this  unique  council  chamber  in  which  caroused  and  debated 
and  slumbered  side  by  side  Agassiz,  Desor,  Vogt,  Duchatelier,  Nicollet, 
Pourtales,  Coulon,  DePury,  Dolfus-Ausset  and  their  innumerable  friends 
and  visitors. 

Perilous  were  the  undertakings  plotted  beneath  and  executed  from  this 
alpine  boulder  on  the  moving  ice;  and  exciting  beyond  the  common  text 
of  scientific  puI)lication  are  the  published  descriptions  of  the  first  aacent  of 
the  Schreckhorn,  the  first  ascent  of  the  Jungfrau,  and  especially  the  first 
ascent  of  the  terrible  Galenstoc  during  which  the  son  of  Dolfus-Ausset 
lost  his  life. 

Among  the  later  comers  was  James  Forbes,  who,  having  learned  from 
the  veterans  of  the  glacier  of  the  Aar  all  that  close  and  long  and  rept^ated 
ohservations  could  impart,  established  himself  on  the  Mer  d«  (41  ace, 
npeated  and  verified  their  data,  and  then  returned  to  England  and  antici- 
pated their  conclusions  by  publishing  his  own  celebrated  book  on  the 
formation  and  movement  of  the  ice. 

Vogt  also  settled  in  Neufchatel,  but  not  until  IS^^O,  and  assisted  Agas- 
sis for  five  years  in  natunil  history,  especially  in  the  preparation  of  his 
work  on  the  fresh  water  fish3S.  Vogt  published  in  1842  his  Geburtshelf- 
eikrote,  and  in  1843  his  own  book  entitled  "In  the  Mountains  and  en 
the  Glaciers.*'  Vogt  then  went  to  Paris  (in  1844)  and  stayed  until  1840, 
when  he  was  appointed  to  a  chair  in  his  native  city  of  Giessen.  But  the 
tfoablesof  1848  breaking  out,  he  became  again  a  political  exile,  and 
accepted  the  chair  of  geology  at  Geneva  in  1852,  and  at  Bern  in  1853. 

This  brilliant  coterie  of  men  of  science,  in  the  prime  of  life  and  in  the 

Li  of  investigation  laying  the  foundations  of  more  than  one  depart- 

jiwnt  of  human  knowledge,  included  two  other  names  of  equal   fame, 

kTnold  Guyot,  and  Leo  Lesquereux,  both  of  whom  still  live  to  illustrate 

enlarge  our  science.    "While  Agassiz,  Desor  and  Vogt  were  at  work 

^*  I  the  mountains  Guyot  was  at  work  on  the  plain  ;  while  they  studied  the 

orement  of  the  glacier,  he  defined  tlie  limits  of  the  ancient  momincs. 

s  Ibr  Lesquereux,  his  study  of  the  peat  bogs  of  Switzerland,  and  then 
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of  all  northern  Europe,  led  naturally  to  those  broad  generalizations  respect- 
ing the  coal-beds  of  all  ages  which  have  given  him  an  immortal  fame. 

In  1847  Agassiz  settled  in  the  United  States  and  commenced  his  career 
at  Cambridge,  Mass.,  after  having  opened  the  eyes  of  the  British  geologists 
to  the  glacial  phenomena  of  great  Britain.  He  soon  drew  after  him  to 
Amcnca  Dcsor,  Guyot,  and  Lesquereux. 

Dcsor,  before  going  to  America,  had  published  his  own  "Geological 
Alpine  Journeys,"  and  had  traveled  through  Norway  and  Sweden  in 
order  to  compare  the  moraine  phenomena  of  Scandinavia  with  those  ot 
Switzerland. 

In  the  winter  of  1847-8  I  found  Agassiz  and  Desor  at  work  together 
in  a  zoological  laboratory  in  East  Boston,  watching  a  multitude  of  living 
creatures  whicli  they  had  obtained  from  the  neighboring  shore  and  kept 
in  plates  and  bowls  full  of  sea  water.    When  Agassiz  moved  to  his  pro- 
fessorial residence  in  Cambridge  Desor  insisted  upon  remaining  in  this 
laboratory  at  East  Boston.     lie  soon  became  one  of  the  lions  of  Boston 
society,  but  attached  himself  with  the  ardor  of  warm  friendship  to  Edward 
Cabot,  Theodore  Parker  and  Josiah  D.  Whitney,  who  remained  ever  after- 
wards his  devoted  friends.    He  became  intimate  also  with  Asa  Gray  and 
Henry  D.  Rogers.    It  is  needless  to  say  that  the  circle  of  his  habitual  per-    ^^<J 
sonal  intercourse  included  such  men  as  Emerson,  Longfellow,  Dr.  Howe;  ^ 
and  James  Freeman  Clarke. 

The  story  of  the  separation  of  Agassiz  and  Desor  which  produced  s* 
great  a  sensation  in  the  brilliant  society  of  Boston  men  of  letters 
science  will  never  be  told,  and  need  not  be.    In  fact,  however,  the  d 
intimacy  of  years  was  sundered  in  a  few  weelcs  and  the  two  never 
again.     Agassiz  pursued  thenceforth  an  independent  career;  became 
idol  of  the  western  world ;  connected  himself  closely  with  Pierce 
Bache  and  Gould ;  founded  a  school  of  natural  history  research ;  crecte-- 
vast  museum;  trained  a  considerable  numbet  of  scholars  to  be  the  meo- 
science  of  the  present  generation,  and  in  fact  not  only  gave  Harvard 
lege  a  new  destiny,    but  inspired  the  entire    population  of  the  Uni 
States  with  a  zeal  for  discovery  in  every  branch  of  human  knowl^ 
which  continues  to  burn  and  illuminate  the  world. 

Desor  at  first  turned  to  the  study  of  the  osars  of  the  coast,  and  sp^ 
summer  with  Davis  in  the  study  of  the  tidal  gravel  banks,  always 
an  eye  to  glacial  action. 

lie  tlien  joined  Forstcr  and  Whitney  in  the  survey  of  Lake  Supe 
under  a  commission  from  the  United  States  Government;  his  special    '^ 
was  to  study  the  alluvions  and  their  fauna.* 

In  1850  and  1851  he  accepted  proposals  made  to  him  by  Henry 
Rogers  to  participate    in  the  revision  of  the  geological  survey  of  P^ 

♦His  term,  Laurentian  for  tlio  recent  deposits  along  the  St.  Lawrence  an<l  *^' 
Lakes  ban  not  been  accepted  by  geologists,  because  of  its  sabseqaent  app'^^^ 
tlon  to  the  fundamenuil  gneiss  of  tho  mountains  of  Canada.  His  views  on  ^^^ 
Xorihern  Drift  he  published  In  the  Amer.  J.  S..  ziil,  93, 188S. 
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sylvania.  As  his  task  was  to  investigate  the  surface  deposits,  with  a 
special  regard  to  the  possible  existence  and  activity  of  a  boreal  glacier 
invading  Pennsylvania,  I  saw  much  ot  him  in  my  topographical  studies 
for  the  construction  of  maps  to  show  coal  terraces,  *&c.  and  learned  much 
from  him  about  the  movements  of  the  surface  sub-soil  and  local  drift. 

The  study  of  glaciers  led  him  to  regard  with  critical  eyes  all  plienomena 
of  erosion,  and  his  measurements  of  the  retrocession  of  the  falls  of  Nia- 
gara gave  him  a  very  different  scale  of  geological  time  from  that  of  Hall, 
liyell  and  others.  His  dlagramatic  cross-section  of  the  Via  ^lala, 
placed  him  partly  in  accord  with  and  partly  in  opposition  to  the  glacial- 
ists  of  the  Ramsay  school . 

His  glacial  researches  led  him  also  necessarily  to  study  rain  and  snow, 
the  fohn  or  schnee-fresser  and  other  winds  ;  in  a  word  he  became  a  good 
meteorologist  and  made  one  of  the  band  of  early  investigators,  with  Dove 
at  their  head,  who  established  that  branch  of  modern  science.  After  his 
return  to  Europe  he  published  papers  on  the  ''Climate  of  the  United 
States  and  its  effect  on  habits  and  manners." 

At  the  close  of  1851,  or  early  in  1852,  Desor  was  recalled  to  Neufchatel 
by  the  serious  illness  of  his  brother,  whom  he  nursed  until  his  death,  tak- 
ing care  of  his  property  and  becoming  his  heir. 

Here  a  new  career  opened  before  him  ;  he  became  a  teacher.  He  was 
appointed  to  a  chair  in  the  Academy  of  NeufchStel,  made  famous  first  by 
Agassiz,  and  now  more  famous  by  the  lively,  clear,  eloquent,  fresh  teach- 
ings of  Desor. 

In  the  meantime  he  pursued  his  train  of  original  research,  and  grad- 
ually devoteil  himself  to  the  special  branch  of  fossil  echinoderms.     His 
"Synopsis  des  Echinides"  procured  him  a  doctorate  from  the  University 
of  Bale. 

In  1856  his  brother's  death  and  the  care  of  his  inherited  property  in- 
duced him  to  resign  his  chair  in  the  Academy  ;  but  while  he  tended  his 
vineyard  overhanging  the  lake,  and  farmed  the  old  hunting-lodge  of 
Combe  Varin  overlooking  the  Yal  de  Travers,  he  pursued  his  researches 
in  natural  history,  and  continued  his  dredgings  on  the  sites  of  the  aborigi- 
nal lake-dwellers.  He  made  unobtrusive  use  of  his  wealth  in  assisting 
others  in  their  researches. 

"He  was  himself,"  says  one  of  his  intimates,  **  not  without  some  ambi- 
tion.   It  flattered  him  to  stand  in  relations  to  the  first  men  of  science  and 
be  known  as  their  equal.    The  hospitality  which  he  practised  in  the  most 
liberal  manner  enlivened  and  preserved  to  him  this  intercourse  which  he 
•0  dearly  loved.      Every  summer  Desor's  farm  at  Combe  Varin,  on  the 
Baountaln  top  overlooking  the  railway  station  of  Noiraigues  on  the  road 
to  Pontarlier,  was  a  gathering  point  for  notabilites  not  only  of  Switzer- 
land but  of  all  foreign  countries,  not  only  his  friends  but  his  acquaint- 
MCCB ;  and  there  reigned  in  this  old  hunting-lodge  of  the  Depierres  such 
ft  comfortable  simplicity  of  entertainment  and  such  perfect  liberty  of  occu- 
pfttion  that  each  guest  felt  himself  entirely  at  home. 
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"  On  both  sides  of  the  level  road  which  led  from  the  brow  of  the  n^i^  oun- 
tain  to  the  house  stood  rows  of  trees,  each  dedicated  to  some  guesU  ^^^ 
marked  with  his  name.  More  than  a  hundred  names  distinguish^^^d  i*^ 
politics  and  science  may  here  be  read,  many  of  them  now,  "^^°  ^• 

neath  a  croPS,  to  indicate  their  departure  to  a  better  world.*' 

Four  times  I  have  myself  shared  his  hospitality,  and  can  testify  tc.  J  the 
charms  of  the  place  and  of  its  master ;  and  I  esteem  it  as  a  kind  of  p^^^^tent 
of  nobility  that  my  name  stands  among  the  rest.  Here  in  1859  Theo"  dore 
Parker  found  a  retreat,  the  summer  before  he  died  in  Italy  (1860).  aui 
double-headed  pine  stood,  at  some  distance  off  the  road,  on  the  open 
descending  to  tlie  peat  bogs  which  spread  across  the  plateau  bet^ 
Combe  Varin  and  the  village  of  Les  Fonts.  Desor  followed  Parke 
Italy,  and  was  with  him  when  he  died.  His  attachment  to  him  was 
on  their  intercourse  in  Boston  ;  and  whatever  spiritual  theories  !► 
accepted  were  more  or  less  formulated  under  the  guiding  influenc< 
this  powerful  thinker  and  good  and  generous  soul. 

Pesor  was  an  active  member  of  the  Natural  History  Society  of  N"  ^of* 
cliatel,and  publishedmany  short  memoirs  in  its  transactions.  He  leaves — »  ^^ 
remarkable  museum  of  prehistoric  antiquities  to  its  care. 

He  was  a  constant  attendant  at  the  meetings  of  the  Swiss  Congress-^*  ^^ 
Science,  and  would  make  long  annual  journeys  to  attend  other  sin:^^^^*^ 
national  associations  ;  especially  of  late  years  the  annual  meetings  of  ^^® 

Anthropologists,    as  at  Copenhagen  and  at  Stockholm,   where  he  ^^ 

received  with  distinguished  honor. 

In  fact  Dcsor  ma}'  be  considered  the  chief  of  modem  geological  an 
ologista.     After  the  first  discovery  of  lake-dwellings  in  the  winte 
185li-4  at  Meilcn  on  the  shore  of  the  lake  of  Zurich,  and  the  commei 
inent  of  Keller's  groat  museum  there,  all  the  lakes  of  Switzerland 
explored  for  similar  discoveries.     At  least  200  villages  were  found 
Desor  and  Clement  in  the  lakes  of  Neufchutcl  and  Bienne  ;  by  Mo- 
and  Troyon  in  the  lake  of  Geneva,  and  by  other  seekers  in  other  laH 
It  was  concluded  that  the  Swiss  lakes  were  unique  in  this  respect,  althor^ 
Herodotus  was  quoted  as  authority  for  the  existence  of  lake-dwellers  ii 
day  in  a  lake  of  Thrace.     Desor  however  insisted  upon  the  generality 
the  phenomenon,  and  at  length  made  a  rendezvous  with  Von  Siebold 
Munich,  to  tost  tlie  question  in  company  with  his  own  trained  dred| 
The  immediate  result  was  their  great  discovery  that  the  palace  of  the  Z^ 
varian  King  was  built  on  an  island  in  the  Sternsee  around  the  ec 
which  could  be  seen  the  piles  of  the  aboriginal  lake-dwellers  ;  and  in 
little  museum  of  the  palace  they  found  a  considerable  number  of  need' 
knives,  chisels,  ikv.  which  had  been  dredged  from  the  foundation  of 
palace.      Upon  this  demonstration  of  the  correctness  of  the  large  vi 
which  Dcsor  alone  had  taken  of  the  subject  the  geologists  and  anti(i_ 
rics  of  Southern  Germany  and  Austria  set  heartily  to  work  and  did 
fail  to  find  prehistoric  relics  in  all  the  lakes  of  that  part  of  Europe. 

Desor  subsequently  (1864)  joined  Escher  von  der  Linth  the  Swiss  g^^^' 
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ogist,  and  Charles  Martins  the  botanist  of  Montpcllier,  with  a  commis- 
sion from  the  French  government  to  explore  the  desert  of  Saham,  which 
they  discovered  to  be  of  recent  age  by  finding  in  its  rocks  recent  shells. 
Here  also  Desor  gratified  his  love  of  dolmens  and  menhirs,  and  greatly 
enlarged  his  prehistoric  studies  in  that  direction  :  but  it  was  not  until  1875 
or  thereabout  that  he  became  a  zealous  student  of  the  mysterious  cup  and 
circle  markings  on  the  erratic  blocks  of  Switzerland,  and  learned  by  a 
wide  spread  and  laborious  correspondence  with  his  fellow-workers  in  all 
countries  that  they  were  not  only  to  be  seen  on  rocks  from  India  to  Scot- 
land, but  on  the  walls  of  the  most  ancient  Christian  churches  of  Northern 
Germany. 

Desor  was  always  recognized  as  an  able  geologist.    His  local  work  in  the 

Jura,  mostly  carried  on  with  the  assistance  of  his  poor  friend  and  able 

palaeontologist  Gressly,  showed  ample  ability  to  grapple  with  difficult 

structural  problems,  although  he  never  freed  himself  from  the  prejudice 

^  favor  of  split  anticinals  which  the  extraordinary  section  across  the 

^oath  of  the  Val  de  Travers  would  naturally  inspire  in  any  man  who 

^'^e<i  within  sight  of  it.    This  prejudice,  moreover,  he  shared  with  all  the 

geologists  of  middle  Europe.     His  astonishment  and  admiration  for  the 

a  broken  arches  of  the  Appalachian  belt  therefore,  when  at  length  his 

res  "^vero  opened  to  their  true  character,  was  unbounded.    But  in  spite  of 

le  irupression  thus  made,  he  remained  a  consistent  opponent  of  those 

ews    of  cyclical  erosion  which  were  gradually  forced  upon  American 

.K)logi8ts.  and  were  afterwards  made  popular  in  England  by  Beete  Jukes 

I  tUo  course  of  the  Irish  survey. 

Desor  )v'as  the  colleague  of  Bernard  Studer,  Peter  Merian  and  Eslier 

ton  ^er  Linth  in  the  commission  of  the  geological  survey  of  Switzerland. 

During  my  last  visit  to  his  own  home  in  Neufchitel,  in  1880,  he  showed 

0ie  a.11  upper  room  in  which  the  commission  kept  its  archives  and  met  for 

consultation.     But  the  venerable  Studer,  the  chief  of  the  survey,  has  his 

tioniQ  at  the  capital  of  the  Confederation,  Bern.     One  of  the  most  remark - 

»b\e  pieces  of  geological  investigation  ever  made  was  a  section  of  a  range 

^*  ^^e  Jura  north  of  NeufchStel,  through  which  a  long  railroad  tunnel 

^^*^   to  be  driven.      Desor  and  Gressly  projected  the  stratification  as 

'*  ^liould  be  found  by  the  engineers.     When  the  tunnel  was  finished  the 

^    ^^al  and  hypothetical  sections  were  almost  absolutely  identical.     Each 

^^atjpn,  almost  each  stratum,  was  struck  at  exactly  the  point  indicated. 

„2^as  a' notable  triumph  of  exact  application  of  science  to  practical  ends. 

'^ie  political  life  of  Desor  is  viewed  differently,  of  course,  by  different  *" 

^^8C8  of  his  friends.    There  is  intense  conservatism  in  Switzerland,  and 

*^    overthrow  of  the  aristocracy  of  the  Canton  of  Neufchitel  by  the  dem- 

^^ts  or  radicals  has  never  been  forgotten  nor  forgiven. 

A^  late  as  1878.  when  I  rode  one  day  with  Desor  and  Berthoud  up  the 

^  '^l  de  Travers,  they  were  making  merry  over  some  scurrilous  attacks 

^tH)n  themselves  in  one  of  the  newspapers ;  Desor  pointed  out  to  me  a  pas- 

^^  in  which  they  were  called  derisively  the  two  smaUgods  of  Neufchatel. 
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In  one  of  the  obituary  sketches  of  Desor  (Basler  Nachrichten),  written 
perhaps  by  Dcsor's  very  steadfast  Mend  Prof.  RQtkneyer,  I  find  the  fol- 
lowing paragraph  : 

"The  burghers  of  Fonts  honored  Desor  with  the  burger-right,  and  sent 
him,  alternately  with  Koiraigue  and  Neufchatel  (as  soon  as  the  radicals 
got  the  majority  in  Neufch&tel),  as  member  to  the  Grand  Council,  which 
once  chose  him  its  President.  For  many  years  Desor  was  a  member  also  of 
the  Standerath,  and  of  the  Nationalrath  (or  Swiss  Parliament),  and  one 
of  its  most  distinguished  members.  Perhaps  it  would  have  been  better 
for  Desor  the  investigator  had  he  devoted  less  of  his  time  to  politics ;  nor 
did  politics  always  bring  sweet  fruits  to  Desor  the  man.  For  ever  since  he 
fell  away  from  his  old  comrades  on  the  question  of  the  repurchase  of  the 
Jura  railway,  and  engaged  himself  personally  in  an  endless  newspaper  war, 
which  became  ever  more  and  more  bitter  and  thankless,  his  health  began 
to  fail,  and  five  years  ago  the  symptoms  appeared  of  that  serious  malady 
which  led  him  inevitably  to  his  grave." 

The  last  three  years  Desor  was  sent  by  his  physicians  to  spend  the 
winters  in  Nice,  where  he  became  an  active  member  of  two  scientific  socie- 
ties. He  thus  came  to  preside  at  the  discovery  of  the  fossil  man  of  Ca- 
rabacel  which  produced  so  great  a  sensation  in  the  geological  world.  He 
directed  also  the  researches  made  in  the  grotto  of  Peymanade,  discovered 
by  M.  Bottin  de  St.  Vallier.  He  managed  in  spite  his  sufferings  to  as- 
cend considerable  heights,  and  discovered  satisfactory  proof  of  the  former 
existence  of  glaciers  descending  the  southern  slope  to  the  shore  of  the 
Mediterranean.  His  letters  to  me  on  that  subject  display  all  the  plc*^' 
ure  and  zeal  of  a  boy.  His  little  maps  and  sections  of  the  structure  of  the 
Ligurean  coast  are  perfectly  fresh. 

Last  February  I  went  from  Paris  to  Nice  to  see  Desor  for  as  I  feared 
the  last  time,  and  found  him  extremely  feeble  and  full  of  pain  ;  but  1 1^*^ 
so  often  seen  him  thus  in  former  years  that  I  dreaded  no  immediate  dan- 
ger. In  our  conversations  he  dwelt  with  lively  interest  on  a  plan  which  he 
was  organizing  to  observe  the  temperature  along  the  summits  of  thePv^^" 
nees,  and  at  the  level  of  the  plain.  He  w^entover  again  the  old  story  of  the 
Fohn  or  Alpine  snow  devouring  south  wind,  in  connection  with  the  estap- 
lislimcnt  of  high  winter  sanataria  for  invalids  in  the  Tyrol ;  and  also  m 
connection  with  the  observed  winter  temperature  observed  on  thePuy^® 
Dome  relatively  higher  than  on  the  plain  at  Clermont-Ferrand.  He  ear- 
nestly demanded  data  from  the  American  stations  to  help  discover  the 
law,  if  it  were  one. 

In  a  few  days  Desor  was  no  more.  The  lamp  that  burned  so  brightly 
flickered  a  moment,  and  went  out.  All  research  was  at  an  end.  One  ot 
the  sweetest,  simplest,  most  honest,  most  afiectionate,  most  robust  *D(i 
energetic,  most  independent  natures  that  ever  acquired  fame  abroad  aod 
inspired  respect  at  home,  suddenly  ceased  to  sufler  and  ceased  to  thiiK- 
Science  had  lost  another  star,  Switzerland  a  sturdy  champion  of  demo- 
cratic liberty,  and  many  of  us  a  rare  friend  who  cannot  by  any  means  W 
replaced. 
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Geological  Notes,    By  E,  Wi  Claypole, 
iBead  before  tJie  American  PhUoiophical  Society,  October  SOth,  1888,) 

A.  On  an  Error  in  Identifying  Two  Distinct  Beds  of  Iron  Ore  in  Beport  G 

of  the  Geological  Survey  of  Bradford  County, 

In  Heport  Gy  Bradford  and  Tioga  Counties,  and  on  page  36,  occurs  the 
following  passage  : 

"6.  In  Leroy  township,  about  a  mile  and  a  half  west  of  Leroy,  in  the 
main  road,  near  the  house  of  J.  Wilcox,  we  found  a  bed  of  iron  ore  which 
appeared  to  be  three  or  four  feet  thick,  and  of  very  good  quality.  See  the 
following  partial  analysis  by  Mr.  McCreath  : 

Iron 29.5 

Hulphur trace 

Phosphorus 204 

Insol.  residue 49.27 

**  7.  The  same  bed  is  exposed  at  Leroy  village,  in  Gulf  brook,  where  it 
is  nearly  four  feet  thick  and  of  good  quality.  A  partial  analysis  uf  this 
ore  by  Mr.  McCreath  resulted  as  follows,  though  it  can  hardly  be  a  fair 
teat,  for  the  average  perpentage  of  iron  must  be  greater  : 

Iron 20.7 

Sulphur trace 

Phosphorus 185 

Lime 8. 71 

Magnesia 1.3 

Insoluble  residue 46.655  " 

In  reference  to  this  passage  I  was  informed  during  a  recent  visit  in  Brad- 
ford county  by  Mr.  A.  T.  Lilley,  of  Leroy,  that  he  considered  it  entirely 
erroneous,  and  that  these  beds  of  ore  so  far  from  being  one  were  separated 
by  a  very  considerable  thickness  of  rock.  The  arguments  which  he  ad- 
duced appeared  to  me  quite  satisfactory,  and  we  went  out  to  examine  the 
ground. 

Antecedently,  if  the  two  samples  of  ore  were  fairly  ^aken,  the  analyses 
indace  suspicion:  they  differ  so  largely  from  each  other;  the  quantity 
of  iron  is  half  as  large  again  in  the  former  aa  it  is  in  the  latter.  It  seems 
improbable  that  a  bed  of  ore  should  vary  so  much  in  so  short  a  distance. 

The  plan  of  this  part  of  the  valley  given  in  Fig.  1,'page  535,  will  make 
this  line  of  argument  intelligible. 

The  lowest  bed  of  iron  ore  occurs  in  the  Gulf  brook  in  connection  with 
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a  mass  of  red  sandstones,  forming  whal  are  called  the  Mansfield  Red  beds. 
These  beds,  with  a  solid  sandstone,  continue  westward  and  may  he  easily 
traced.    The  sandstone  forms  the  buttress  of  the  hill,  and  the  Mansfield 
Red  beds  form  a  terrace  higher  up  the  slope.    The  direction  ol  the  strike 
of  these  beds  is  about  N.  E.  by  E.  and  S.  W.  by  W.  ;  but  the  flattening  of 
the  dip  curves  the  outcrop  line  and  throws  the  basset  edge  farther  »nd 
farther  from  the  road.     In  addition,  higher  beds  continually  pass  acrofis 
the  road  from  south  to  north  as  one  goes  westward,  the  azimuth  of  ^® 
latter  being  slightly  nearer  the  meridian  than  that  of  the  former. 

With  the  aid  of  Mr.  Lilley,  I  traced  the  sandstone  for  about  five  1^^^' 
dred  yards  to  the  west  from  the  mouth  of  the  Gulf  broolt  where  tlie  st^rata 
are  vertical  and  found  it  gradually  flattening  down  to  a  dip  of  about    ^^' 
Leaving  this  bed  I  went  across  the  outcrop  of  the  strata  southward,  oom- 
ing,  of  course,  on  newer  and  newer  beds  at  every  step.    At  the  dist:**^^ 
of  about  tliree-quarters  of  a  mile  from  Leroy  is  a  strong  exposure  of  a    Bi^r* 
red  sandstone  in  thin  beds  covered  with  peculiar  fucoidal  mark*—    ^* 
forms  a  low  ridge  in  the  valley  and  crosses  the  road  at  a  short  dist^^^^ 
farther  on.    The  strike  of  this  bed  agrees  with  that  of  the  others  a- '•^^^ 
mentioned,  and  the  whole  district  is  quite  undisturbed  by  any  disloca  '^^^^''^' 
Following  it  for  some  distance,  I  lefl  it  and  crossing  the  strike  agaE  ^^  ^^ 
the  southward,  found  a  bed  of  green  shale  quite  in  the  bottom  of  the        ^ 
ley,  and  immediately  upon  it  a  second  bed  of  iron  ore,  very  much         ^ 
that  at  (rulf  brook.    It  crops  out  in  the  road  a  little  farther  west,  as  rir:^^^®^* 
tioned  in  the  extract  from  the  volume  O,  given  at  the  head  of  this  no      ^^' 

Beyond  this  bed  of  iron  ore,  which  can  be  traced  north  of  the  roai 
the  hill  lie  the  highest  beds  of  the  Chemung  group — the  0-rammysia 
tica  bed,  the  ProductcUa  bed,  and  the  Gap-rock — the  last  a  thin  shale  fu 
crushed  and  unrecognizable  fossils.     Each  bed  is  separated  from  the 
by  a  considerable  thickness  of  unfossiliferous  shale. 

It  is  therefore  beyond  a  doubt  that  these  two  outcrops  of  ore  mentic::==^"^ 
in  the  extract  from  G  given  above,  are  not  parts  of  the  same  bed,  but:^^*  ^' 
long  to  two  different  beds  separated  from  one  another  by  an  interva^^^^  ^^ 
several,  perhaps  250,  feet. 

If  any  further  proof  of  this  conclusion  is  desired  it  may  be  found  j ^lear 

Frauklindale.  Reference  to  the  map  will  show  that  the  road  forks  at^-^^^^^"' 
a  mile  west  of  the  village.*  The  two  branches  again  meet  at  the  distfl^^*°^ 
of  half  a  mile  east  from  the  fork.  By  walking  from  the  latter  point  al  ^°? 
the  s(Hith  road  the  order  of  succession,  from  the  Mansfield  Red  beds  "P* 

wards,  may  be  distinctly  seen.     In  particular,  the  two  seams  of  iron  ^^ 

may  be  readily  detected  by  the  red  ground  and  the  red  road  formed—       ^7 
their  destruction. 


♦  The  site  of  the  vlllajfe  is  wrongly  given  In  the  map  In  Report  O.  It8houl«— ^  ^ 
where  the  four  roads  meet,  about  a  mile  east  ol  the  spot  where  It  Is  marked.  '^^^^ 
two  roads  also  should  be  drawn  meeting  each  other  again,  as  above  mentioc:*  ^' 
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•  Note  on  tlu  occurrence  of  Holoptychixu,  about  500  feet  below  the  recog- 
nized top  of  the  Chemung  Group,  in  Bradford  County. 

The  base  of  the  Castkill  group  has  been  assumed  on  palaeontological 
ounds  at  the  lowest  stratum  in  which  the  remains  of  the  great  Ganoid 
h  ffoloptychius  Americanus  have  been  found.  Lithologically  and  strati- 
aphically  this  dividing  horizon  has  been  placed  where  the  green  fossil- 
irous  shales  of  the  Chemung  are  supplanted  by  red  shales  and  sandstones, 
ostly  without  fossils.  Sometimes  these  two  principles  of  division  give 
incident,  sometimes  discordant,  results.  Often  the  fossil  remains  can- 
it  be  found,  and  almost  as  often  the  line  between  red  and  green  material 
nnot  be  firmly  drawn. 

In  Bradford  county,  however,  these  difSculties  do  not  occur.  The  green 
cks  give  place  almost  suddenly  to  the  red  ones,  and  the  line  between 
aemung  and  Catskill  is  easil}'  drawn  on  stratigraphical  evidence.  The 
d  Catekill  rocks  also  in  many  places  abound  in  remains  of  fish  near  if  not 
their  base,  consequently  the  two  lines  of  evidence  converge  to  almost 
incident  results.  The  occurrence  therefore  of  a  well  marked  and  un- 
istakable  scale  of  Holoptychius  Americanus  considerably  below  the  divid- 
g  plane  is  a  fact  worthy  of  some  notice. 

The  scale  in  question  is  on  the  surface  of  a  slab  of  green  sandstone  and 
%s  quarried  out  of  the  solid  rock  by  Mr.  Lilley,  of  Leroy,  when  getting 
>ne  for  the  foundation  of  a  barn.  Although  I  am  unable  at  present  to 
termine  exactly  the  position  of  the  sandstone,  yet  from  the  fact  that  it 
iS  at  a  very  small  distance  above  the  Mansfield  Red  bed  with  iron  ore,  it 
list  be  not  far  from  four  hundred  feet  below  the  base  of  the  Catskill 
oup,  as  recognized  in  this  county. 

In  further  proof  of  the  occurrence  of  the  above-named  fossil  in  this 
»rizon,  I  may  add  that  while  engaged  with  Mr.  Lilley,  in  examining  the 
idence  for  the  presence  of  the  Catskill,  north  of  Franklindale,  Mr. 
picked  up  a  loose  slab  of  green  sandstone  showing  on  its  surface 
ree  large  scales  of  Holoptychius.  The  point  where  it  was  discovered  is 
ry  near  the  horizon  of  the  specimen  first  mentioned,  the  bed  rock  is 
ry  near  the  surface,  little  or  no  drift  material  is  present,  the  slab  is  not 
anded,  and  the  Catskill  rocks  are  on  the  other  side  of  the  valley  of 
>wanda  creek. 

All  this  evidence  concentrated,  leads  me  to  believe  that  this  second 
ecimen  is  of  Chemung  age  and  comes  from  the  same  horizon  as  the 

St. 

,   On  a  Mass  of  Catskill  Rocks  supposed  to  exist  on  the  North  Bank  of 

Towanda  Creek,  near  Franklin. 

Reference  to  the  geological  map  of  Bradford  county  will  show  a  patch 
lored  to  represent  the  Catskill  on  the  north  bank  of  Towanda  creek,  in 
anklin  township.    It  measures  about  four  miles  in  length  by  one  in  its 
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greatest  breadth,  and  is  apparently  intended  to  represent  a  cap  of  that 
formation  overlying  the  Chemung  of  the  same  township. 

The  existence  of  this  cap  of  Catskill,  or  at  least  of  a  great  part  of  it,  is 
beset  with  numerous  difficulties  to  one  who  is  familiar  with  the  ground, 
and  during  my  recent  visit  in  Bradford  county  I  became  strongly  sus- 
picious of  the  accuracy  of  the  map.  The  following  consideration  was 
very  weighty  in  this  direction. 

The  Chemung  rocks  all  along  the  north  bank  ot  Towanda  creek  dip  to 
the  south  at  angles  varying  from  90°  to  150.  At  Leroy,  the  former  oc- 
curs, and  east  and  west  of  Leroy  the  dip  flattens  down,  but  not  regularly 
to  the  latter  figure.  The  dip  also  flattens  down  as  one  recedes  from  the 
road  and  goes  northward,  but  very  gradually,  so  that  at  Leroy  it  does  not 
disappear,  and  render  the  strata  horizontal  in  less  than  a  mile. 

With  this  inclination  of  the  beds  and  with  the  highest  beds  of  the  Che- 
mung far  out  in  the  valley,  probably  in  the  west  end  of  it  on  the  south  side 
of  the  Towanda  creek,  it  seemed  quite  impossible  that  any  such  mass  of 
the  Catskill  could  occur  capping  them  so  near  the  road  upon  the  north 
bank.  The  generalized  section  along  the  valley  is  given  in  Fig.  % 
page  535. 

When  it  is  recollected  that  the  total  thickness  of  Chemung  rocks  between 
the  top  of  the  group  at  a,  and  the  horizontal  exposure  at  6,  must  be  at  least 
1500  feet,  and  is  probably  more,  the  difficulty  of  realizing  a  cap  of  Catskill 
on  the  top  of  a  hill  only  200  or  800  feet  high  becomes  obvious. 

Aside,  however,  from  all  antecedent  and  theoretical  considerations,  it 
was  desinible  to  obtain  the  evidence  of  actual  observation,  in  order  to  as- 
certain the  truth,  and  also,  if  possible,  to  detect  the  cause  of  the  mistake, 
if  mistake  had  been  made.  On  the  morning,  therefore,  of  leaving  Leroy, 
I  obtained  the  assistance  of  Mr.  A.  T.  Lilley,  a  gentleman  well  acquainted 
with  the  district  and  with  its  geology,  and  set  out  to  investigate  the 
ground. 

Leaving  Leroy  by  the  Towanda  road  we  first  established  the  fact  that 
lower  and  lower  beds  of  the  Chemung  come  continually  out  of  the  hill- 
side and  point  out  into  the  valley  for  several  miles,  throwing  the  Catskill 
farther  and  farther  to  the  southward,  and  giving  a  constantly  thickening 
mass  of  Chemung  to  be  placed  on  the  hill -top,  before  the  summit  of  that 
group  could  be  reached.  Turning  to  the  northward  up  a  road  about  one 
mile  east  of  West  Franklin,  we  followed  it  for  nearly  half  a  mile,  until  ^'^ 
attained  an  altitude  of  about  150  feet  or  more  above  the  valley.  T^® 
whole  country  on  both  sides  of  the  road  was  deeply  covered  with  driiti 
and  no  bed-rock  whatever  was  visible  anywhere.  Nor  was  a  scrap  of  the 
red  Catskill  sandstone  to  be  found  lying  loose  on  the  ground.  Not  only 
is  it  perfectly  certain  that  no  Catskill  exists  in  place  along  this  road  (which 
follows  a  small  run),  but  it  is  equally  certain  that  many  hundred  feet  or 
Chemung  rocks  are  missing,  and  must  bo  added  to  the  top  of  the  hill  before 
the  base  of  the  Catskill  can  be  reached.  Yet  this  road  on  the  map  is  drawn 


1882.]  Odo.  [Claypole. 

crossing  a  broad  belt  of  Catskill  at  less  than  half  a  mile  from  the  valley 
turnpike.  This  Catskill  cap  does  not,  therefore,  extend  so  far  west  as  the 
road  in  question  marked  xx  on  Fig.  8,  page  535. 

Continuing  our  search  we  reached  the  point  a,  where  the  old  and  new 
roads  meet  and,  taking  the  former  or  northern  one,  we  crossed  to  the 
point  marked  with  a  cross.  Here  is  a  bold  exposure  of  the  Mansfield  Red 
sandstones  standing  with  a  dip  of  about  4(P  S.  E.  by  S.  This  point  is 
almost  exactly  on  the  place  where,  according  to  the  above-quoted  map, 
the  edge  of  the  cap  of  Catskill  should  lie.  It  is  unnecessary  to  say  that 
no  such  material  is  there  present.  Not  only  are  all  signs  of  Catskill  ab- 
sent, but  the  whole  thickness  of  the  Chemung  above  the  Mansfield  red 
beds  must  be  put  on  before  its  presence  is  possible.  Time  at  our  com- 
mand did  not  allow  us  to  go  back  into  the  county  through  the  woods  to 
determine  at  what  distance  this  high  dip  disappears  and  the  Chemung 
beds  flatten  down  to  a  level,  but  it  is  perfectly  obvious  that  even  if  any 
Catskill  at  all  is  here  present  it  must  be  of  small  dimensions,  and  must  lie 
much  further  north  than  it  is  represented  on  the  map.  With  a  dip  of  40^ 
at  the  point  and  about  500  feet  of  Chemung  rocks  missing,  the  existence 
of  any  such  Catskill  cap  is  almost  a  physical  impossibility. 

I  may  add  that  the  evidence,  so  far  as  the  short  time  at  my  command 
allowed  me  to  examine  it  on  the  spot,  is  strongly  against  the  existence  of 
any  Catskill  west  or  north  of  Franklindale. 

It  appeared  certain  that  the  wreckage  of  the  Mansfield  Red  beds,  which 
is  strewn  over  the  hill-side  along  this  part  of  the  road,  had  been  mistaken 
for  fragments  of  Catskill,  the  source  of  which  was  supposed  to  exist  higher 
up  the  slope.  To  account  for  the  extension  of  the  color  so  far  to  the  west- 
ward is  less  easy,  because,  [as  mentioned  above,  not  a  fragment  can  be 
found  upon  the  road  marked  with  a  double  cross  and  lying  east  of  West 
Franklin. 

!>• — On  ttoo  smdU  patches  of  Catskill  represented  near  Leroy,  on  the  map  in 
Report  G,  of  tlu  2d  Geological  Survey  of  Penna. 

In  connection  with  what  has  been  written  above,  I  may  remark  that  not 
a  scrap  of  evidence  can  be  found  in  favor  of  the  existence  of  either  of  the 
two  round  patches  of  Catskill  rock  represented  on  the  map,  one  at  Leroy 
and  the  other  about  one  mile  to  the  westward.  The  place  in  which  the 
former  is  marked  is  on  Upper  Chemung  beds,  of  about  the  horizon  of  the 
Mansfield  Reds  (which  may  have  led  to  the  error),  and  standing  very 
NEARLY  VERTICAL.  The  placc  of  the  other  is  near  or  at  where  the  red 
sandstone  with  fucoids  (mentioned  in  an  accompanying  note),  which  lies 
between  the  Mansfield  Red  beds  and  the  Orammysia  elliptica  bed,  crosses 
the  valley  road.  Hence,  perhaps,  this  mistake.  The  beds  hero  are  un- 
doubtedly Chemung,  and  more  than  100  feet  below  the  summit  of  the 
group. 

If  this  confusion  was  the  real  cause  of  the  error  it  is  the  more  surprising 
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because  the  Iron  ore  bed  which  overlies  the  red  fucoidal  bed  has  been  (as 
shown  in  the  note  above  alluded  to)  confounded  with  another,  occurring 
several  hundred  feet  lower  down  in  the  series.  If  the  presence  of  Catskill 
rocks  is  quite  impossible  with  100  feet  of  the  Chemung  missing,  it  would 
be  much  farther  from  possible  if  400  or  500  feet  were  missing,  as  supposed 
in  the  report  on  Bradford  and  Tioga  counties,  p.  36. 


C — On  the  Equivalent  of  the  Schoharie  Orit  of  New  York  in  MiddU  Ptm- 

sylvania. 

The  evidence  of  a  single  species,  however  ''characteristic**  it  may  be  of 
a  stratum  or  group  of  strata  in  one  place  in  favor  of  identifying  that  stra- 
tum or  group  with  another  at  any  considerable  distance,  must  always  be 
of  little  weight  unless  strongly  corroborated  by  collateral  evidence.  Even 
a  single  species,  however,  may  be  allowed  to  possess  considerable  value, 
if  thus  corroborated.  From  this  point  of  view  the  following  note  may  pos- 
sess interest: 

The  Cauda-  Galli  or  Schoharie  grits  of  New  York  overlie  the  Oriskany 
sandstone.  Of  the  former.  Prof.  Hall  wrote  in  1867  (Pal.  of  N.  Y.,  Vol. 
4,  p.  1): 

"The  Cauda-  Galli  grit  is  almost  a  non-fossiliferous  rock ;  a  few  fragments 
of  plant  like  fossils  and  the  peculiar  surface-markings  of  the  slaty  laminie 
from  which  its  name  is  derived,  being  the  only  objects  resembling  organic 
bodies  which  have  fallen  under  my  observation.  A  single  specimen  of 
Ptatycivas,  similar  to  P.  iortuosum  of  the  Oriskany  sandstone,  has  been 
found  in  this  rock,  *  ♦  ♦  ♦  It  passes  by  almost  imperceptible  gnida- 
tions  to  tlie  Schoharie  grit,  which  is  marked  by  the  presence  of  numer- 
ous fossils.  The  upper  beds  of  the  Cauda  Galli  grit,  and  also  the  lov^er 
beds  of  the  Schoharie  grit  preserve  those  peculiar  markings  which  have 
been  ternied  Fucoidcs  Cauda- OalU  (Spirophyton  Caud^- Galli).*' 

It  thus  appears  that  these  two  strata  in  New  York  form  really  one  group 
within  which  no  line  of  demarcation  can  be  drawn.  This  group  consists 
of  unfossiliferous  beds  at  the  base,  Cauda- Galli  beds  above  them,  antl  ios- 
siliferous  beds  at  the  top. 

The  Cauda-  Galli  grit  is,  however,  a  stratum  of  very  limited  extent,  con- 
sidered litholoirieally.  It  does  not  occur  in  the  western  i>artof  New.York, 
but  is  well  marked  in  the  east  and  extends  into  New  Jei'sey.  It  thickens 
toward  the  Hudson  and  reaches  50  or  GO  feet  in  the  Helderberg  mountains- 

The  Schoharie  grit  is  distributed  over  almost  the  same  area  as  that  of  the 
Cauda-  Galli  grit,  being  specially  well  marked  at  Schoharie  and  in  the  Hel- 
derberg. Both  strata  doubtless  ow^e  their  deposition  to  the  same  set  of 
geological  causes. 

Neither  of  these  gritu  occurs  in  Middle  Pennsylvania  in  any  spot  which 
has  fallen  under  my  observation.  The  strata  immediately  overlying  the 
Oriskany  sandstone,  in  Perry  and  adjoining  counties,  consist  of  calcare* 
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ous  shales,  argillaceous  limestones  and  iron  ores.  For  the  most  part  the 
lowest  of  these  is  an  impure,  earthy,  haematite  or  a  very  ferruginous  shale. 
Apparently  these  two  materials  belong  to  the  same  bed,  but  appear  dif- 
terently  at  different  places.  Near  Bloomflcld  it  is  a  hsematitic  shale  of  no 
value,  and  yielding  thus  far  no  fossils  except  on  its  upper  margin,  where 
an  undescribed  Beyrichia  occurs  in  great  numbers.  A  few  miles  south  ot 
BloomHeld,  in  Sandy  Hollow,  it  is  a  tolerably  pure  red  ochre,  much  ot 
which  has  been  dug  and  ground  for  paint,  but  apparently  the  work  has 
not  yielded  sufficient  profit  to  lead  to  its  continuance.  Here  also  I  have 
found  no  fossils,  but  have  reason  to  think  that  some  might  be  obtained  it 
the  exposure  were  larger.  This  ochre  lies  close  against  the  Oriskany 
sandstone,  here  nearly  vertical.  At  a  short  distance  further  south  the  same 
bed  again  yields  red  ochre,  which  has  been  dug  out  close  to  the  Oriskany 
sandstone.  The  best  layers  for  this  purpose  are  the  lowest,  and  these 
have  thus  far  yielded  me  no  lossils.  But  about  ten  feet  higher  up,  where 
the  beds  are  less  ferruginous,  I  have  met  with  abundance  of  specimens  ot 
Atrypa  impressa  Hall.  They  are  well  marked  and  in  a  good  state  of  pres- 
ervation, being  little  altered  by  compression.  They  also  occur  solely  as 
internal  casts. 

Regarding  this  species  Prof.  Hall  says  (Pal.  of  N.  Y.,  Vol.  4,  p.  316) : 
*'This  form  of  Atrypa  occurs  in  the  Schoharie  grit.  It  is  not  known  to 
me  in  any  other  geological  formation."  Also  (p.  815),  "The  casts  of  the 
interior  are  more  abundant  than  any  other  condition  of  the  fossil  in  the 
Schoharie  grit." 

From  the  above  facts  the  inference  seems  warranted  that  these  two  grits 
of  Eastern  New  York  or  some  parts  of  them  are  represented  by  the  ferru- 
ginous shales  above  mentioned.  The  sandstones  indicate  a  shore  line  for 
the  time  being  extending,  during  the  whole  or  part  of  the  period,  from 
Eastern  Now  York  through  Northwestern  New  Jersey  into  Eastern  Penn- 
sylvania. But  west  of  this  there  is  no  evidence  of  anything  but  open  sea 
for  a  long  distance,  and  the  finer  sediments  accord  with  the  conclusion. 
The  same  species,  Atrypa  impressa,  which  lived  near  the  shore  or  was 
washed  ashore  when  dead  and  was  buried  in  the  sandstone  in  New  York* 
sank  in  Middle  Pennsylvania  into  soft  oozy  shale  and  was  there  prekrved. 
What  the  conditions  were  which  produced  the  deposition  of  marine  iron 
ores  and  oclires  it  is  impossible  at  present  to  say.  We  are  too  ignorant  ot 
the  processes  of  marine  metallic  sedimentation  to  do  more  than  guess  at 
them — a  useless  expenditure  of  time  and  thought. 
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Note  on  the  progress  of  tJie  Second  Geological  Survey  of  Bmnsylvania.    By 

J.  P,  Lesley, 

{Read  before  the  American  Philosophical  Society,  Jan.  19,  1883.) 

The  progress  of  the  Geological  Survey  of  this  State,  which  interests  so 
many  of  my  fellow-members,  both  in  America  and  in  foreign  countries, 
deserves  some  record  on  the  minutes  of  this  Society,  the  mother  society 
of  our  country,  and  in  former  times  the  natural  rendezvous  of  American 
physical  and  mechanical  science. 

I  venture  then  to  pffer  to  the  Society  the  following  short  account  of  the 
ground  already  covered  by  the  survey,  as  exhibited  by  its  publications 
since  1875,  county  by  county,  in  alphabetical  order ;  with  occasional  notes 
respecting  those  counties  in  which  further  field  work  must  be  done  before 
reports  upon  them  can  be  made  ready  for  the  press. 

It  is  needless  to  say,  that  the  already  collected  data  withheld  as  yet  from 
publication  for  this  purpose  must  be  added  to  express  the  sum  total  ot 
actual  work  done  in  the  State. 

Adams  County.  Surveyed  in  1874  and  1875  by  P.  Frazer.  See  Re- 
I>ort  C  on  Adams  and  York  (1876),  and  Report  CC  on  Adams,  York, 
Cumberland  and  Franklin  (1877).  JVofe.— Instrumental  lines  were  run 
in  both  counties.  The  special  topographical  survey  of  the  the  South 
mountains  in  Franklin  and  Adams,  commenced  in  1876,  was  continued 
through  1877,  1878,  1879,  1880,  northwards  to  Pinegrove  furnace.  In 
1881  and  1882  this  survey  was  carried  forward  in  Cumberland  and  York 
counties  towards  Mount  Holly  Springs ;  and  in  1883  it  will  be  nearly  or 
quite  completed,  to  the  end  of  the  mountain  range  at  Dillsburg.  Four 
sheets  have  been  printed,  but  will  not  be  published  until  the  remaining 
sheets  of  the  South  Mountain  map  are  also  printed.  The  whole  will  then 
be  published  in  atlas  form  with  a  report,  and  in  rolls  for  the  use  of  sur- 
veyors. 

Allegheny.  Surveyed  in  1875  and  1876  by  J.  J.  Stevenson  and  I.  C. 
White.  See  Report  K  on  Greene,  Washington  and  South-west  Allegheny 
counties  (1876)  ;  Report  KK  on  Fayette,  Westmoreland  and  eastern 
Allegheny  (1»77)  ;  Report  Q  on  Beaver  and  N.  W.  Allegheny  (1877). 

Armstrongr*    Surveyed  in  1879  by  W.  G.  Piatt.    Report  H  5  (1880). 
Beaver.     Surveyed  in  1876  by  I.  C.  White.    See  Report  Q  (1877). 

Bedford.    Surveyed  in  1881  by  J.  J.  Stevenson.  Report  T  2  (1882). 

Berks.  Surveyed  in  1880  by  R.  H.  Sanders.  A  geological  map  of 
the  limits  of  the  formations  and  the  dip  and  strike  of  all  exposed  rocks  in 
the  valley  is  prepared,  but  not  yet  published.  The  sheets  of  the  great 
topographical  survey  of  the  limestone  belt  and  mountains  of  Lehigh  and 
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Northampton  (commenced  in  1875,  and  completed  in  the  spring  of 
1882),  inchides  that  part  of  Berks  county  lying  east  of  the  Schuylkill, 
with  the  hills  west  of  Reading  (by  E.  V.  D'lnvilliers).  Tlie  sheets  of 
this  map  are  all  printed,  and  will  be  published  shortly  in  the  Atlas  to 
Report  D  3  (1883).  The  report  on  Berks  county  will  be  published  after 
further  work  has  been  done  in  the  county. 

Blair.  Surveyed  in  1877  by  F.  Piatt.  Sec  Report  with  Atlas  T 
(1881).  The  topographical  map  of  Morrison's  Cove,  Canoe  valley  and 
Sinking  valley,  with  the  Frankstown  and  Hollidaysburg  region,  rcadi- 
ing  to  the  summit  of  the  Allegheny  mountain  at.Galitzen,  was  com- 
menced by  R.  II.  Sanders  in  1875  and  completed  in  1877.  See  the  Atlas 
to  Report  T.  Note. — The  delay  in  publishing  this  report  was  caused  by 
the  necessity  which  arose  of  detailing  the  assistant  geologist  for  work 
in  various  other  counties,  which  required  immediate  attention  in  view  of 
the  publication  of  their  reports. 

Bradford.  Surveyed  in  1874  by  A.  Sherwood.  See  Report  on  Brad- 
ford and  Tioga  counties,  G  (1878).  Noie.— The  delay  in  publishing  was 
caused  by  the  fact  that  Mr.  Sherwood  w^as  ordered  to  confine  his  attention 
to  the  rocks  below  the  coal.  In  1877  Mr.  F.  Piatt  reported  on  the  coal 
basins,  and  Report  G  was  then  published.  Subsequent  work  by  I.  C. 
White  and  E.  W.  Claypole  has  discovered  such  considerable  errors  in  the 
survey  of  1874  that  a  revision  of  the  whole  eastern  and  middle  part8 
of  the  county,  north  of  Towanda  creek,  should  be  made. 

Bucks.    The  southern  belt  of  the  county  was  surveyed  in  1819  ^^^ 

1880  by  C.  E.  Hall.  See  Report  on  Philadelphia  county  and  the  southern 
parts  of  Montgomery  and  Bucks,  C  6  (1881).  This  report  gives  adetaW 
description  of  all  the  rocks  of  the  county  south  of  the  red  shale  coan^^^' 
The  northern  edge  of  the  county  has  been  included  in  the  Atlas  shect-S  o 
the  topoirraphical  map  of  the  South  mountains  (Reading  and  Es>*^°^ 
range)  about  to  be  i)ublislied  with  Report  £>  3  on  Northampton  co*^^^ 
(1883).     The  largest  part  of  Bucks  county  has  not  yet  been  surveyc?^' 

Biitlcr.     Southern  half  surveyed  in  1876  by  I.  C.  White.     See  R^^  ^^ 
on   Beaver,   and  parts  of   Allegheny    and  Butler  counties,  Q   (1^^"'* 
Northern  half  surveyed  in  1878  by  H.  M.  Chance.    See  Report  on  X^^^ 
ern  Butler,  V  (1878). 

Cambria.    Surveyed  in  1875,  by  F.  and  W.  G.  Piatt.     See  Rcpor'  *  ^" 
Cambria  and  Somerset  District,  Part  1,  Cambria,  H  2  (1877). 

Cameron.    Surveyed  in   1878,  1879  by  C.  A.  Ashburner  and  A.         "' 
Sheafer.     Tlie  report  on  Cameron,  Elk  and  Forest  was  partly  prints  ^^° 

1881  ;  but  the  publication  was  stopped  by  the  transfer  of  the  geologis*^  ^  '^ 
the  Anthracite  region,  for  organizing  that  survey.     In  1883  there  wi^  ^  ^^ 
a  revision  of  the  work  done  in  these  three  counties,  and  the  Report  ^^^ 
will  then  be  published. 
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Carbon.  Tlie  coal  basin  from  Mauch  ChuDk  to  Tamaqua  has  been 
surveyed,  and  the  sheets  of  maps  and  sections  published  to  accompany 
Mr.  Ashburner's  first  Anthracite  report,  AA^  which  will  go  to  press  in  a 
few  weeks.  The  survey  of  the  Eastern  3Iiddle  coal  field,  commenced  at 
Hazleton  in  1881,  has  been  continued  unintermptedly,  and  the  sheets  of 
the  northern  basins  will  be  ready  for  press  in  1888.  The  Beaver  Meadow 
basin  sheets  will  then  be  prepared.  Note, — ^The  geology  of  the  Lehigh 
river  below  Mauch  Chunk  is  described  in  the  Report  on  Pike  and  Monroe 
counties,  G  6  (1882).  The  report  on  Carbon  county  requires  further 
field  work  before  it  can  be  written. 

Centre.  Surveyed  partially  in  1880  and  1881  by  F.  Piatt  and  W.  G. 
Piatt.  Survey  stopped  by  the  resignation  of  both  assistants.  Mines  re- 
Tisited  and  sampled  for  analysis  in  1882  by  A.  S.  McCreath.  Survey  to 
be  completed  in  1883  for  Report  T  3. 

Cliester.  Surveyed  in  1879  and  1880  by  P.  Frazer.  Southern 
townships  re-survej^ed  in  1882  by  C.  E.  Hall.  See  Report  C  4  just 
ready  to  issue  from  the  press.  Note. — The  delay  in  publication  was  occa- 
sioned by  the  resignation  of  Mr.  Frazer  and  his  residence  in  Europe. 

Clarion.     Surveyed  in  1879  by  H.  M.  Chance.    Report  W  (1880). 

Clearfield.  Surveyed  in  1874  by  F.  Piatt.  See  Report  on  the  Clear- 
field and  Jefferson  District,  H  (1875).  Note. — This  report  was  based  on 
the  work  of  an  inexperienced  party  at  the  commencement  of  the  surve3^ 
and  before  the  recent  important  developments  of  the  coal-fields  of  Clear- 
field. A  resurvey  of  the  county  has  been  repeatedly  ordered  by  the 
Board  of  Commissioners,  and  several  attempts  have  been  made  to  obey 
the  order ;  but  the  occupations  of  the  Geological  Assistants  in  the  various 
districts  of  the  State  up  to  the  winter  of  1881  and  1882  prevented  it.  Tlie 
delay  in  passing  the  last  annual  appropriation  bill  cost  the  survey  the  loss 
of  the  geologists  who  were  successively  detailed  to  make  this  revision, 
and  there  were  no  others  to  take  their  place.  The  revision  will  probably 
be  made  in  1883,  and  a  new  report  be  published. 

Clinton.  Surveyed  in  1879  by  H.  M.  Chance.  See  Report  G  4 
(1880). 

Columbia.  Surveyed  in  1882  by  I.  C.  White.  Report  now  in  prepa- 
ration, to  be  published  in  1883.     For  the  coal,  sec  SchuylkUl  county. 

Crawford.  Surveyed  in  1879  by  I.  C.  White.  Sec  Report  on  Erie 
and  Crawford,  Q  4  (1881). 

Cumberland.  Surveyed  in  1878  by  R.  H.  Sanders.  County  map  ex- 
hibiting all  exposed  outcrops  and  mines  prepared.  No  report  yet  written. 
All  mines  visited  in  1880,  and  ores  personally  sampled  and  analyzed  by 
Mr.  McCreath.    See  Report  M  3  (1881).   Note. — The  peculiar  character  of 
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tlie  Great  rnlley  required  ihnt  the  Bume  klud  o(  survey  ilioulil  be  tmdeof 
Kniuklin.  Cumberland,  Dauphin,  Lebanon  and  Berks  tOgelhM.  Kiidi 
ciiuniy  liBS  been  Bimilarly  mapped  by  R.  H.  Banders.  All  wUl  be  pnb- 
ILslic^d  allbe  siime  time.     Hounlain  survey  to  l>e  Snislicd  id  1883. 

Dtiiipliln.  Surreyed  in  18T9-'S0  by  R.  H.  Saodc^rs.  County  nip 
CKbibiting  hU  exposed  outcrops,  mines  and  limits  of  formations,  prepaml. 
Min(3  iiursonally  visited  aud  ores  sampled  in  16S3  by  A..  S.  MuCmlli' 
Kt-porl  delayed  for  general  revision  in  1893,  [n  connection  with  Lahaaoo 
and  Berks.     For  tlie  coal,  see  Schaytkiil  county, 

Uelaware.  Siirvcyedln  1&31  byC,  S.  Hall.  See  Repon  C  ff  (ISSR], 
1(1  li<;  publri^lied  in  the  same  volume  with  the  report  on  Chtsivr  cuuniy, 
C  4.  Ntilf. — This  publication  has  been  delayed  by  ibe  iuipouililliiy  of 
preparing  Ibe  iliustrations  for  the  report  until  aller  tlie  teiHirt  on  C1>«si«r. 
with  its  illuatralioue,  lukd  been  provided.  Delaware  was  formerly  a  put 
'>(  Chester,  and  its  geology  is  dependent  on  that  ol  Chester.  TUe  ow- 
biued  report  bns  been  printed  luid  its  nuips,  &c.,  atv  nioKIIy  printed.  Itt. 
nbole  will  be  published  this  winter. 

Elk.  Surveyed  in  18T:  and  1ST8  by  C.  A.  Ashbumer  and  A.  V. 
Bbeafer.  The  maps  and  sections  to  accompany  the  report  were  prbled  ia 
leSD.  Tlie  publication  of  the  report  was  atopped  by  the  tnnafer  ot  iba 
j^logist  111  the  Antbracitc  region.  The  importuut  dcvetopaients  tnadeia 
the  coal  basins  of  this  county  since  1878  make  it  d<»irable  to  revise  iiSi 
survey.  This  will  be  done  in  1883,  after  wliicb  the  Rci>ort  R  S  will  be 
pnblislied. 

Erie.  Bun-eyed  in  1879  by  I.  C.  White.  See  Report  on  Brie  and 
Crawford.  Q  4  (1880). 

Fayette.  Tlie  western  part  aiirveyed  in  1876,  the  etislem  port  In  1ST7. 
by  J.  J.  Stevenson.  Sec  Report  on  Fayette  and  Westmoreland  counties. 
K2  0877),  and  Report  on  the  Ligonier  valley,  K  3  (1878).  .V«K-- 
IleiKjrt  Jul  (1870)  gives  the  sjiecial  survey  of  the  Coke  region. 

Forest.     Surveyed  in  1879  by  C.  A.  Asbburner  and  A.  W.  Sbcafei 

The  ri'iwirt  on  the  coal  areas  and  general  geology  will  be  published  in  IWJ 
ill  conjunction  with  tbe  report  (B  3)  on  Elk  and  Cameron couutic*.  T^ 
Wells  of  Forest  county  are  described  in  the  Report  on  Wajren  county.  I 
4,  by  J.  F.  Carll,  now  just  ready  lor  binding,  and  whicb  will  be  pA- 

lialied  in  February. 

Fmuklin.  Surveyed  in  1878  by  R.  H.  Sanders.  County  map  eilaV 
iting  all  exposed  outcrops  and  mines  prepared.  Mines  revbiied  in  iM. 
and  ores  sampled  pcr?omiily  by  A  B.  McCreath,  and  analyzed.  Sa«  B 
portM  3  (1381).     Northern  jmrt   Hurveyad  in  1977  by  J.   H.  D««N 
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Instrumental  line  ran  in  1878  by  C.  W.  Ames.  South  mountains  instra- 
mental  surveyed  in  1880-*81  by  A.  E.  Lehman.  Report  delayed  by  the 
office  work  on  instramental  surveys. 

Fulton.  Surveyed  in  1882  by  J.  J.  Stevenson.  See  Report  on  Bed- 
ford and  Fulton,  T  2  (1882). 

Greene.  Surveyed  in  1875  by  J.  J.  Stevenson.  See  Report  on  Greene 
and  Washiugton,  K  (1876).  A  special  Report  on  the  Collieries  and  Coal 
of  the  Monongahela  valley  will  be  made  by  J.  S.  Wall. 

Huntingdon.  Surveyed  partially  in  1874r-'75  by  J.  H.  Dewees,  C. 
A.  Ashburner  and  C.  E.  Billin.  See  Report  on  the  Juniata  District,  F 
(1878).  iVb^^.— That  part  of  this  report  relating  to  the  Broad  Top  coal 
basin  was  reserved  for  future  publication.  The  eastern  end  of  the  county 
was  surveyed  by  Mr.  Billin  iu  connection  with  his  topographical  survey 
of  the  Seven  mountains,  some  maps  and  sections  of  which  have  been  print- 
ed. Mr.  Billin's  resignation  early  in  1879  stopped  both  the  work  and  the 
report ;  but  he  is  now  completing  the  report  for  publication.  Much  work 
remains  to  be  done  in  various  parts  of  the  county  before  a  complete  county 
report  can  be  prepared. 

Indiana.    Surveyed  in  1877  by  W.  G.  Piatt.    See  Report  H  4  (1878). 

Jefferson.  Surveyed  in  1880  by  W.  G.  Piatt.  See  Report  H  6 
(1881).  2iote.— The  first  partial  survey  of  Jefferson  in  1874-'75,  was  pub- 
lished in  Mr.  F.  Piatt's  report  of  Clearfield  and  Jefferson,  H  (1875). 

Juniata.  Surveyed  in  1870  by  J.  H.  Dewees.  NbU. — This  volumin- 
ous  report  required  rewriting,  for  which  there  has  been  no  sufficient  op- 
portunity. Maps  of  Juniata  and  Perry  have  been  prepared.  A  resurvey 
of  both  counties  by  E.  W.  Claypole  is  in  progress.  Reports  on  both  coun- 
ties to  be  printed  m  1883. 

Liackawanna.  Parts  lying  outside  the  coal,  surveyed  in  1882  by  I. 
C.  While.  See  forthcoming  Report  G  7  (1883).  Coal  basin  survey  by 
C.  A.  Ashburner  and  corps,  commenced  in  1881  and  continued  through 
1882  and  onwards,  proceeds  from  west  to  east,  and  will  not  reach  Lacka- 
wanna until  1884.  See  Luzerne.  Note. — For  the  east  end,  see  Report 
G  5,  L  C.  White  (1881). 

Laucaster.  Surveyed  in  1877  by  P.  Frazer.  See  Report  C  3  (1880). 
IfoU. — Elaborate  and  difficult  illustratious  caused  the  delay. 

Lawrence.    Surveyed  1877  by  I.  C.  White.    Report  Q  2  (1878). 

JLtebanon.  Surveyed  in  1880-'81  by  R.  H.  Sanders.  County  map 
prepared,  exhibiting  all  local  outcrops,  limits  of  formations,  mines,  &c. 
Report  delayed  lor  work  to  be  done  in  1883. 
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I^eblgli.  Surveyed  in  1874-'75by  P.  Prime.  Bee  ReporU  on  the  tna 
Ort  iliatritt,  I>  (1975).  D  2  (1878).  with  atlaa.  JVoW.— The  deUy  olUit 
last  report  was  accuaiiiDud  by  tlis  fuel  that  the  instnimenlal  surrey  of  Um 
limosloao  valley  belt  Ciod  of  the  mounlams  continued  from  ytrar  lo  jtat, 
aad  was  not  Qnislied  until  1883.  The  surrey  of  the  slate  bell  in  ISSl 
by  R.  U.  Saadurs  will  uppenr  in  ILio  Report  on  Lehigh  and  Nonhsiup- 
con  D  3,  with  atlaa,  mostly  printed  and  to  be  publislicil  sliortly. 

Luzerne.  Parts  lying  nulside  the  coal,  surveycil  in  1882  by  L  C 
White.  See  forthcoming  Report  G  7  (1883).  Coal  basin  survey  byC. 
A.  Ashburnor  and  corps,  commenced  in  1881  and  coutinned  through  138i 
and  onwards.  Western  sheets  ready  for  printing.  Middle  shoeu  in  prei»> 
ration.     A  special  report  will  accompany  the  sheets  of  each  divuion. 

Lyconiiag.  Surveyed  In  1877  by  A.  Slierwood,  and  ag^n  in  19TS-'78 
by  F.  Piatt.  See  Report  on  Lycoming  and  Sullivan,  G  S  (1880).  Jftte 
— The  delay  was  caused  by  lai)]erfeclione  in  the  first  survey,  which  oenid 
not  be  corrected  siilflciently  early  in  1878. 

McKean.  Surveyed  in  187G,  1877  and  18T8,  by  C.  A.  Ash  burner  sod 
A.  W.  Shenfer,  See  Report  R  (1880).  ilToM.— The  leoglU  of  liiii  W 
Toy  was  due  to  the  amount  of  inslrumcDtal  work  needful  far  ils  naij: 
and  the  delay  of  its  pubiiaition,  to  tlie  careful  preparation  ot  its  ailsf  of  ' 
1 11  astral  ion  a.  The  geo1o{;y  of  Cameron.  Elk  and  Forest  was  sludicd  pit- 
liminHrily  in  conuecrion  with  that  of  HcKean  ;  and  aflorHanls  w.-puMd|  j 
and  ia  dirluii. 

Mercer.    Surveyed  in  1878  by  I.  C.  White.    See  Report  Q  3  (18TS). 

Alifflln.  Surveyed  by  J.  H.  Dewees,  C.  A.  Ashbnmer  and  C.  t 
Billln  in  18T4-'75-'TC.  Sec  Report  on  Juniata  District,  F  (1878).  Xole- 
Kishicoquillis  valley  not  surveyed. 

Monroe.  Surveyed  in  1881  by  I.  C.  Wliite.  See  Report  on  Pike  mi 
Monroe,  G  6  (1882). 

Montgomery.  Southern  part  surveyed  in  1879.  1880  by  C,  E.  Hsll. 
See  Report  on  Philadelphia  bell,  C  «  (1881).  The  rest  of  the  ceoolt 
to  be  surveyed  in  1883.     (See  Backs.) 

Montour.  Surveyed  in  1883  by  I.  C,  Wliite.  To  be  published  a 
Report  G  7  in  1883. 

Nortliamptou.  Surveyed  in  1876  by  P.  Prime.  Slaiebeltsurvend 
in  1881  by  R.  II.  Sanders.  Mountain  survey  finished  in  1881.  MouDUiu 
revised  in  1882  by  C.  E.  Hall.  See  Report  D  3  mostly  printed  sad  tooii 
to  be  issued,  with  Atlas,     See  Lehiijh. 

Northumberland.  Surveyed  partially  In  1877  by  C.  E.  Billin :  ag*u 
in  1882  by  I.  C.  While.  To  bo  published  in  Report  G  7  ia  1633.  F« 
the  coal  ace  Schuylkill  county. 
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Perry.  Surveyed  in  1877  by  J.  H.  Dewees.  Surveyed  again  in  1882 
by  E.  W.  Claypole.  Report  to  be  published  in  1883.— iVb^.  The  delay 
In  publishing  the  report  of  1877  was  occasioned  by  the  necessity  for  com- 
pletely rewriting  it.    See  Juniata. 

Philadelphia.    Surveyed  in  1879,  1880.     See  Report  C  6  (1881). 

Pike.  Surveyed  in  1881  by  I.  C.  White.  See  Report  on  Pike  and 
Monroe,  O  e  (1882). 

Potter.  Surveyed  in  1876  by  A.  Sherwood.  Resurveyed  in  1879  by 
F.  Plait.     See  Report  G  3  (1880). 

SchuylkilK  Anthracite  survey  commenced  in  1881  by  C.  A.  Ash- 
burner  and  corps,  continued  through  1882  and  onwards.  Eastern  sheets 
of  Western  Middle  coal-field  now  in  press  ;  western  sheets  in  preparation. 
Special  report  on  each  division  to  accompany  the  sheets.  In  1884  the 
survey  of  the  Southern  coal-field  from  Tamaqua  westward  will  be  com- 
menced.    See  Carbon  county. 

Snyder.  Surveyed  in  1870,  1877  by  J.  H.  Dewees.  See  Report  on 
Juniata  District,  F  (1878).  Surveyed  again- in  1878  by  C.  E.  Billin,  for 
map.     Further  field  work  before  a  county  report  can  be  published. 

Somerset.    Surveyed  in  1879  by  G.  W.  Piatt.    Report  H  3  (1877). 

Sullivan.  Surveyed  in  1877  by  A.  Sherwood,  and  i-^ain  in  1878-'79 
by  F.  Piatt.  See  Report  on  Lycoming  and  Sullivan,  G  2  (1880).  The 
Coal  basins  will  be  resurveyed  as  part  of  the  Anthracite  survey. 

Susquehanna.  Surveyed  in  1880  by  I.  C.  White.  See  Report  on 
Susquehannah  and  Wayne,  G  5  (1881). 

Tioga.  Surveyed  in  1874  by  A.  Sherwood,  and  in  1877  by  F.  Piatt. 
See  Report  on  Bradford  and  Tioga,  G  (1878).     See  Note  on  Bradford. 

Union.  Surveyed  in  1878  by  C.  E.  Billin  for  map.  Requires  much 
field  work  before  report  can  be  published. 

Venango.  Surveyed  in  1874  and  onwards  by  J.  F.  Carll.  See  Re- 
ports on  the  Oil  regions  I  (1875),  I  2  (1877),  I  3  (1880)  and  I  4  (1883 
just  being  issued). 

Warren.  Surveyed  in  1874  and  onwards,  especially  in  1882,  by  J.  F. 
Carll.  See  Report  on  Warren  county,  I  4  (1883  just  issuing  from  tlie 
press).  Note. — The  long  delay  in  reporting  upon  this  county  was  occa- 
sioned by  the  abundance  of  its  fossils  ;  the  extreme  difficulty  of  establish- 
ing the  correct  order  of  its  rocks ;  and  the  continued  oil  discoveries. 
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to  the  edge  of  ibe  ball  nf  ihe  ceninun.  Below  tbie  (he  sarfue  k  itlxh»r 
coDC&ve,  &nd  ilie  middle  line  is  gently  convex.  The  lattiu'  tcrmliutn  ia 
aa  iibtuse  angled  mark  Jiiat  in  front  of  tbe  edge  of  the  ball.  Thkt  *d|ili 
■iiu>  slightly  free  from  tlic  b.iU.  The  capilolar  costal  sorbco  Aa  nol  pra- 
]ect  infcikirly  quiu  to  the  liaeo*  the  'mfcrloiKirikceof  lbc«eainiiB. 

M*anir*m»Mi  qf  a  Vtrt*bro.  IL 

Length  of  centrnm  (wllhhtU) .0070 

Dmm«ersofball|,^„^^^^ „^ 

ElevHtion  of  voricljni  nt  cpUphon O088 

"  middle.... 000) 

Width  ftt  prciygapophyscs 0190 

"        iul>eroular  L'oattti  focea OlOO 

"     or  xygantnim 0018 

Veriicnl  diameter  co«tal  facea .0010 

TniQiverwi  dJanielcriuIi«rcnlttrOMl»lfac« 0018 

This  snake  iviui  about  th«six«of  the  XAaxk  »u»)i^.  B'i»canium  ctmMridtr. 
[i  to  !in  interesdng  e])ecie«  for  two  renson*.  First,  it  b  tbu  oldnt  wrpol 
known  front  North  Ataeiicu.  Scoood.  la  the  imperrectlon  of  the  txat- 
iruui  ne  observe  an  ftpproximaiioi)  to  ilie  ordinary  rcpiillan  ij^po  of  Trne- 
lini.  from  which  the  ophidian  type  was  tio  tluuht  dorivdd.  Id  Utc  fanuil 
there  is  no  zygospheu  or  Eyguutroui.  ' 

Mammalia. 

Tni'isoDON  LEvisiAsi-s,  sp  nov. 

This  creo<loDt  i?  represented  by  part  of  b  right  mandibular  ranmswbicb 
cnntains  the  fourth  premolar  minus  its  principnl  cusp,  and  tbe  first  and 
second  true  mnlitrs,  n-itb  the  Hlvcoli  of  the  third.  The  ramus  is  deep,  ind 
probiblj  belonged  to  n[i  nnimiil  of  nhnut  the  size  of  the  red  fox.  The  moUti 
iiave  the  structure  mi>st  like  thttt  of  llic  T.  htUpriniani*.  especUlly  an- 
teriorl y.  TJic  principal  anlciior  cusps  are  united  together  for  most  of  their 
(-leT:ttirin,  wliile  the  anterior  innor  is  much  smaller  ikud  lower.  And  is  silu- 
alcd  between  tlie  uiiilille  and  inner  side  of  tlie  anterior  cnsp.  The  heel  iJ 
rather  wide,  and  lias  a  r^istd  border.  The  external  part  of  It  is  angular, 
and  i*  sDinewbat  within  the  verticiti  lino  of  the  base  of  the  crown.  The 
fourth  premolar  ililfers  from  lliat  of  the  type  the  genus,  T.  quieirtmu. 
in  h^tving  two  acute  longitudinal  tubercles  situated  close  together  od  the 

Tlio  anterior  masseteric  ridge  is  very  prominent.  The  masseteric  fosn is 
strongly  concave,  bul  shitUows  gntdually  inferiorly.  Its  inferior  border 
presents  a  low  thickened  ridge,  which  is  recurved  in  front.  This  may  b< 
an  individual  character  only.  The  Inferior  outline  of  the  ramas  is  gener' 
ally  convex,  and  does  not  rise  much  below  tbe  masseteric  fosaa. 
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Measurements.  M. 

Length  of  last  four  inferior  molars 0315 

true  molars 0230 

^,  ,     /anteroposterior 0085 

D«meter8otM.i.lj^^g^^„^ ^^ 

Length  of  P-m.  iv.  on  base 0090 

Depth  of  ramus  at  M.i 0200 

Thickness  "  "   OOai 

This  Tnisodon  is  not  only  materially  smaller  than  the  T.  heilprintanus, 
but  differs  in  the  characters  of  the  heel  of  the  inferior  molars.  In  that 
species  the  internal  border  is  tubercular  ;  in  this  one  it  is  entire.  The 
T.  conidens  and  T,  quivirenm  differ  in  the  arrangement  of  the  anterior 
cusps. 

Dedicated  to  my  friend,  Henry  Carvill  Lewis,  professor  of  mineralogy 
and  geology  in  the  Academy  of  Natural  Sciences,  Philadelphia. 

MiocLiBNus  PEKOx,  sp.  nov. 

This  new  species  is  represented  by  three  specimens.  One  of  these  in- 
cludes various  separate  teeth  and  a  considerable  portion  of  the  skeleton  ;  a 
second  includes  loose  teeth  and  a  smaller  number  of  bones  of  the  skeleton  ; 
and  the  third  consists  of  a  part  of  a  mandibular  ramus,  which  contains  the 
three  true  molars.  These  indicate  the  largest  species  of  tlie  genus  yet 
known,  the  first  individual  above  mentioned  being  about  the  size  of  a  wolf. 

The  bones  of  the  MiocUsnus  feroz  enable  mc  to  refer  the  genus  approxi- 
mately to  its  proper  position  in  the  system.  Although  we  do  not  possess 
the  corresponding  parts  of  the  Mioclcenus  turgidus,  the  type  of  the  genus, 
it  is  probable,  if  not  certain,  that  they  agree  in  generic  diameters.  The 
tigreement  in  dentition  extends  to  all  the  principal  technical  points,  though 
the  specific  differences  are  marked. 

The  skeleton  is  that  of  a  creodont.  The  unequal  phlangcs  are  compressed 
chiws,  and  the  metapodial  bones  have  protuberant  conilyles.  The  astrag- 
nliis  has  a  simple  head  witli  convex  surface,  and  the  troclilea  is  a  shallow 
open  groove. 

The  tubercular  dentition  refers  this  genus  to  the  Arctocyonid(e.*  With 
this  family  it  is  accordingly  placed  provisionally.  It  differs  from  the  known 
Ibssil  genera  in  the  single  tubercle  of  the  internal  part  of  the  crown  of  the 
s^uperior  molars. 

Tlie  species  J/.  bracJit/stomus  and  J/",  etsngkus  of  the  Wa^satch  epoch  must 
tiow  be  removed  from  this  genus.  I  have  sliown  that  the  former  is  an  Artio- 
dactyle.  Now  in  technical  points,  the  dentition  of  those  species  is  identi- 
cal with  that  o{  Pantolestes  Cope,  as  well  as  with  Mioclcmvs.  Although  the 
skeleton  of  the  iy\)Q  oi Pantoltstes,  P.  ^ow^iV^/Mdw^of  the  Bridger  Beds,  is  yet 
unknown,  it  is  safe  to  suppose  that  it  does  not  differ  from  that  of  the  M. 
^raehystomus.  I  therefore  refer  the  two  species  first  mentioned  to  Panto- 
icMtes,  and  place  that  genus  in  the  Artiodactyle  sub-order. 

*  For  the  dentition  of  this  iauiily  see  Lemoine,  Annalcs,  Sc.  Nat.,  1878,  July. 
PBGC.  AMEB.  FHILOS.  80C.  XX.  118.  8Q.      PRINTED  FEBRUARY  14,  1883. 
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C&tr.  tptfif—Tht  <»ntaps  are  well  developed,  aod  hsTc  a  roboM  root. 
Thf  cmwn  !>  mtlicr  dimder  aod  »  wtj  acaW.    It  b  loiuuled  In  frtml.  but 
has  an  acute  knglfiHM^riuriy.    It  la  not  grooved,  sod  the  enunelbMuaKh, 
The  slngle-roolwi  Srii  sniwriorpmnolar  b  citiuwd  cIomIoUmcuiIbc  tad 
behinil  it  is  »  •^hnn  dbsKma.    1  liave  the  prohalilc  fliM  trno  raitlcr  «  tenb   , 
pn-molar.  Tbo  exl«n»i1  cusp*  arc  mther  uonll,  and  uv  well  w-pwsud  ttam 
imeii  otlirr.    TUc  Innin'  outUae  of  the  crowD  t>  nuhcr  bnMiUjr  rouiiM. 
TbE  iawrDttI  tubercle  Ia  cnnni-cicd  on  nturlDg,  'R'Uli  an  aainrbir  tna>m« 
i^reMwbirh  tpmlnati^nmrtbebifiiThaiwof  (be  siilcrkirextcnmlctwplBaft 
[nl«nuedUlc  lubeirlr.     There  ba  iKjHlerii>rii>lennedi»l«Ullierdfc   ThCTeli   '. 
a  cin^uiu  all  luuud  the  cn>wn  cxcepiing  at  the  (MMcrtor  tnimiadiiae 
tabercli-.    The  m-umlOflr«i)  true  molar  I*  like  the  owijtwldewaflied.  bo   I 
bus  reliikrlv  gmtier  snir-TD-piwirriiiT  widlli-    lu  this  tooth  ihs  dag«liin> 
extendti  all  the  way  luund  the  croMU. 

There  are  bol  two  Infrrior  tnokrs  of  this  tndlvMnul  prescrvwl  thrHnand 
and  thin)  irge.  The  fortner  of  thvM'  hui  a  pamllrlogrwiuiiic  outline  with 
rouiidtKl  aaglra.  Tbvrc  atv  Iwu  iiosltnii'ir  and  twn  antf^rinr  mtbcr  luff 
tubcivleg :  an  anterior  iransvcrw  Inlg^ :  and  a  oarruw  external  uiil  purfirVir 
(rjogiilntn.  the  latltT  runutag  iiitu  tlie  luternal  postrHor  tulicn^le.  Tlic  Uiler 
hsa a  eirrular  iwctinn,  and Umuch ciiiallpT tluia  the cMcrtnl  pxoterixr.  whirh 
ha*  a  wtde  cr««c«iiiii;  seciion.  Of  the  anterior  tabcrrlea  thf  ■niertarbmviA 
the  larger,  judging  Ihim  its  worn  Iam.  The  thlid  inie  mobr  b  Irtasgnlar 
inuutllnv.  lt«crvmn  includes  twoanK-rinr  end  on  rstcrual  median  tnbertlt- 
The  inner  and  paBt«rior  pan?  of  the  cruwu  form  a  wide  shelf,  whh  ihr 
internal  edge  denticulate.     A  weak  c\lprnii!  cinciihim. 

JftaturemenU  of  Ttelh.  H. 

Dlmele™  b.„  ot  m.n  of  mci«.r  \  "^^^"^^ '   ^    JJf 
Diameim  ta«  crown  ofcnloe  \  t"''^^"^ J^ 


m,mam  CTO»n,  .nperior  M.  i.  *  ""•"P""*' WM 

(iraasverae OIW 

DhMTOM.!  11.  .'■""■'">"'"'"■» »"!' 

I  iransverw 0110 

Di.mci™orinr..,lorM.  u.'""">I~"**"- °"<' 

—        OlOS 


Di»mcicr.orinrcrlorM.m.;>""""«"'«™'' "^^ 

*.  transverse 0000 

The  seconil  iniliviihisl  includes  part  of  the  Bnperior  walla  of  the  skull. 
The  Ira^nienl  displays  n  high  »igittal  cresl.  which  is  flMured  in  fronIM 
as  to  keep  ilic  lemporal  ndges  H[iart  to  near  its  anterior  apex.  The  bnio 
surfaces  show  stiinll.  smooth.  Bat  hemispheres.  Mparated  by  a  coDstrirtioi 
Imm  tlic  n'iile  and  lar^  olfuciorv  lubes.  The  navicular  bone  shows tbiet 
well  delini'd  diflnl  facets,  imljcating  probablj  five  digits  in  the  pes.  Tbf 
teeth  of  ilii^  siH'ciiuea  Include  a  posterior  saperior  moUr,  and  an  hiferiot 
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third  or  fourth  premolar,  with  other  teeth.  Tlie  premolar  is  like  that  of 
a  creodont.  Its  principal  cusp  is  a  simple  cone.  To  this  is  added  a  short 
wide  heel,  whose  superior  surface  is  in  two  parts,  a  higher  and  a  lower, 
divided  by  a  median  ridge.  A  low  anterior  basal  lobe,  and  a  weak  exter- 
nal cingulum. 

The  third  specimen  belonged  to  an  individual  a  little  smaller  than  the 
other  two.  It  includes  the  first  inferior  true  molar,  a  tooth  lost  from  the 
others.  Its  form  is  somewhat  narrowed  anteriorly,  where  it  has  two  low, 
but  well  separated  anterior  inner  tubercles,  which  form  a  V  with  the  ex- 
ternal anterior. 

Specimen  No.  1  is  accompanied  by  fragments  of  vertebrae  and  limbs. 
The  former  are  principally  from  the  lumbar  region,  but  fragments  of  the 
atlas  remain.  This  vertebra  is  of  moderate  length,  and  the  cotylus  is 
somewhat  oblique.  The  vertebrarterial  canal  is  rather  elongate,  and  its 
anterior  groove-like  continuation  in  front  of  the  diapophysis  is  not  deeply 
excavated.  The  lumbar  vertebrae  are  remarkable  in  the  characters  of  their 
zygapophyses.  These  display  subcylindric  surfaces  of  the  posterior  pair, 
which  indicates  that  the  anterior  ones  are  involuted,  as  in  the  specialized 
Artiodactyles  and  Perissodactyles  of  the  later  geological  ages.  Such  a 
structure  does  not  exist  among  carnivora,  nor  to  my  knowledge  among 
creodonta,  nor  in  any  mammals  of  the  Lower  Eocene.  I  do  not  find  it  in 
jDidelphj/8  nor  Phascolarctos,  but  it  exists  in  a  moderately  developed  degree 
in  Sarcophilus.  The  articular  surface  forms  more  than  half  of  a  cylinder, 
and  its  sui)erior  portion  is  bounded  within  by  an  anteroposterior  open 
groove.  The  surface  within  this  is  not  re  volute,  as  in  Bos  and  Sus,  but 
the  articular  surface  disappears,  as  in  Cervus.  Eight  such  postzygapoph- 
yses  are  preserved,  all  disconnected  from  their  centra.  Two  of  them  arc 
united  together.  There  are  two  other  separated  zygapophyses  of  smaller 
size,  which  have  but  slightly  convex  surfaces.  One  is  probably  a  prezyg- 
apophysis  of  a  dorsal  vertebra.    No  centrum  is  preserved. 

Of  the  anterior  limb  there  is  a  probable  distal  half  of  a  radius.  It  is  of 
peculiar  form,  and  resembles  that  of  Sarcophilus  urainus  more  than  any 
other  species  accessible  to  me.  One  peculiarity  consists  in  the  outward 
look  of  its  carpal  surface,  which  makes  an  angle  of  about  45^  with  the 
long  axis  of  the  shaft.  The  obliquity  in  8.  ursinus  is  less.  The  external 
border  of  the  shaft  in  M.  ferox  is,  however,  straight,  and  terminates  in  a 
depressed  tuberosity.  Beyond  this,  the  border  extends  obliquely  outward 
to  the  carpal  face,  which  it  reaches  at  a  right  angle.  The  internal  border 
of  the  shaft  is  gradually  curved  outwards  to  the  external  border  of  the  car- 
pal face.  Its  edge  is  obtuse,  while  the  external  one  is  more  acute  for  a 
short  distance,  and  rises  to  the  anterior  (superior)  plane  of  the  shaft.  The 
carpal  face  is  a  spherically  subtriangular  with  rounded  angles.  It  displays 
two  slightly  distinguished  facets,  one  of  which  is  superior,  and  the  other 
is  larger  and  surrounds  it,  except  on  the  superior  side.  The  internal  mar- 
ginal projection,  or  "styloid  process,"  is  not  so  prominent  as  in  S.  urai- 
nus, and  is  a  roughened  raised  margin.    Joining  it  on  the  inferior  edge  ot 


tliB  carpA]  face  is  anotber  rough  projection  of  the  oinrgin.  ImtniMUttlf 
opposite  ttiiH,  OD  the  superior  edge  oflhe  carpnl  f»ce,  u  a  roiigli  tuliv.mu^. 
which  cndoBca  a  small  rough  fossa,  between  ilwlf  aatl  the  sir1i>M  in>> 
cess.  Inleroul  [o  it  is  &  sh&llow  groovu  for  an  extensor  leudoii  of  tha 
mnuus  ;  then  a  \ovt  short  ridge,  and  internal  to  that  n  nidc  sliallov  <!•■ 
presaioD  forotJier  cxtCDsora.  The  carpal  face  differs  greslly  fromthoicof 
SareopfiilugnaiiDidelpkgilD  having  the  inner  portion  widvr  tJiun  tlipouKr. 
Inslcad  of  the  reverse,  and  in  having  no  distinct  styloid  pmcow".  li  in* 
rates  that  the  manua  was  turned  oulwarda  mucb  more  liiKidedly  llian  ta 
tJiose  genera. 

Of  carpal  bones  lliQ  only  reoagmmble  one  latlic  unciform.  ItspraxinaT^ 
Articular  surface  rises  with  a  Strong  cuovesity  «ntad,  and  dercrnd*  w  at 
edge  eciud.  The  metucaqial  surface  is  concave  In  aaiproposterior  *«■ 
tfon.  forming  a  wide  shallow  groove,  extending  in  tho  dlrcetioa  nf  Ibi 
widili  of  the  foot.  Its  two  me tacariml  arena  are  not  distinguitiLed  Tbt 
entire  firti  and  second  motncarpals,  with  the  heads  of  th«  ihlnl  and  faui4 
ure  prcservi?d.  They  considerably  resemble  Ihow  of  SareopMlu*  tntitL 
The  distal  articulations  are  injured  in  both,  bul  bollt  diaplny  asliarptracfe- 
lear  keel  posteriorly,  which  on  the  second  extends  nearly  lo  the  vupcllsr 
bee  of  the  articulation.  The  condyle  Is  subround,  ami  u  notiMrictcdl* 
ereliy,  and  at  the  base  above.  The  second  metacarpal  is  short  Md  n-i 
bust,  shorter  than  in  Sur-rop/ii'tu*  urtinut.  The  first  b  alao  robust,  bat  If 
rolftlively  longer,  as  it  is  three-quarters  the  length  of  the  second,  li.*  btrf 
Is  ejipanded.  especially  posteriorly,  and  the  large  trapezial  face  is  «nb(riii- 
gular,  wifli  round  apex  directed  inwards  as  well  ad  forwanl.  The  pM[<- 
rior  lace  of  the  tiead  is  notched  eciad  to  the  middle.  On  ttie  eitemtl 
side  of  ihc  head  there  is  avertical  facet  with  convex  distal  outline,  furcon- 
tact  with  i)ic  second  metacarpal.  The  head  of  tlie  latter  in  narrow,  and  is 
concave  bciween  Uio  sides.  The  concavity  is  bounded  posteriorly  by» 
raised  edge.  Tlie  anterior  part  of  tlie  proximal  facet  is  dccurved.  The 
shaft  is  dt-ep  proximally,  but  on  the  distal  half  is  wider  than  deep.  Th* 
lotcnil  distal  fossie  are  remarlinbly  deep  and  narrow,  the  condyle  very  mucli 
contracted.  Tiic  bead  of  tlie  supjiosed  third  metacarpal  isaswideaslb^sec- 
ond  anteriorly,  but  narrows  to  the  posterior  third,  and  then  contracts  ab- 
ruptly lo  iL  narrow  apex.  Tiie  supposed  external  side  of  the  bead  U  ptr- 
fcctly  strjitjlit,  and  is  continuous  with  the  side  of  the  shaft  without  inter- 
ruption. Tlie  cnlad  side  displays  no  facet,  but  has  a  depression  beioa' 
the  licad  which  adapts  itself  very  well  to  the  head  of  the  first  meiantrritL 
In  fitct,  ititic  uieiacar|>als  Just  named  second  and  third,  exchange  plsoei, 
so  that  second  h  placed  third  and  tiiird  second,  the  metacarpal  series  Gti 
far  Ijelter.  Tlic  fourth  tits  the  so-cnlled  second  much  better  than  Ihe  »■ 
called  third.  Tliis  may  therefore  be  the  true  order,  although  that  Snt 
used  agrees  better  with  the  cai-pus  of  Sareophilui.  The  head  of  the  so- 
called  iliinl  is  slightly  convex  anteroposlcriorly,  and  is  oblique  laienlly. 
descending  n  little  to  the  inner  side.  The  fourth  metacarpal  is  wider  u- 
tcrlorly  tbau  cither  the  second  or  third.    The  inner  edge  is  straight,  wbil* 
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the  outer  is  concave,  the  head  being  narrower  before  than  behind.  It  has 
a  lateral  facet  on  each  side  ;  the  inner  plane,  the  external  concave  in  the 
vertical  as  well  as  in  the  anteroposterior  direction.  It  thus  approaches  the 
form  of  a  metatarsal,  but  is  not  so  strongly  excayated,  nor  is  the  head 
notched  on  either  side.  The  unciform  face  is  convex  anteroposterinrly 
and  plane  transversely. 

The  femur  is  broken  up  so  that  I  cannot  restore  it.  The  head  of  the  tibia  is 
gone,  but  a  considerable  part  of  the  astragalar  face  is  preserved.  This  is 
transverse  to  the  long  axis  of  the  tibia.  It  is  narrowed  anteroposteriorly 
next  the  fibular  facet.  Malleolus  lost.  The  shaft  is  robust,  and  does  not 
expand  distally  for  articulation  with  the  astragalus.  Three  centimeters 
proximal  to  the  distal  end,  the  external  side  throws  out  a  low,  rough,  ridge-like 
tuberosity.  Above  the  middle  the  crest  turns  outwards,  leaving  the  internal 
face  convex.  There  is  a  broken  patella,  which  has  one  facet  much  wider 
than  the  other. 

The  astragalus  has  the  trochlear  portion  a  little  oblique.  That  is,  the  in- 
ternal crest  is  a  little  lower  than  the  external,  and  the  inner  face  is  a  little 
sloping.  The  latter  is  impressed  by  a  fossa  above  the  iwsterior  part  of  the 
sustentacular  facet,  which  runs  out  on  the  neck.  The  trochlea  hus  a  shallow 
groove  which  is  nearer  the  external  than  the  internal  crest,  and  which 
passes  entirely  round  the  posterior  aspect  to  the  plane  of  the  inferior  face 
of  the  astragalus.  The  groove  for  the  flexor  tendon  is  thus  entirely  en- 
closed, and  issues  on  the  inferior  face  at  the  posterior  extremity  of  the 
groove  which  separates  the  sustentacular  from  the  condylar  facets.  The 
external  crest  of  the  trochlea  is  leas  prominent  posteriorly  than  the  internal, 
thus  reversing  the  relations  of  the  superior  part.  The  internal  ridge  be- 
comes quite  robust,  but  does  not  flatten  out  and  project  sub-horizontally 
as  in  Oxyama  forcipata.  The  fibular  face  is  vertical ;  nehherhs  anterior  nor 
posterior  angles  are  produced.  The  neck  is  somewhat  contnu'ted  (the  in- 
ternal side  is  injured).  The  head  is  a  transverse  oval,  strongly  convex 
vertically,  moderately  so  horizontally,  and  without  flattening.  A  meHo- 
eunttform  (or  possibly  ectocuntiform)  bone  is  wedge-shaped  in  horizontal 
section,  without  posterior  tuberosity,  and  its  anterior  face  is  a  slightly  ob- 
lique square.     The  narrower  facet  is  oblique  in  the  transverse  sense. 

The  metatarsals  are  represented,  excepting  the  first  and  second.  The 
only  complete  one  is  the  fifth.  The  heads  of  the  third  and  fourth  are  much 
like  those  of  Oxyasna  forcipata,  and  of  about  the  same  size.  Their  anterior 
width  is  equal,  and  in  both  the  external  side  is  more  oblique  than  the  in- 
ternal. Both  have  a  notch  at  the  middle  of  the  internal  side,  but  they  dif- 
fer in  that  the  third  has  an  open  notch  on  the  external  side  which  is  want- 
uig  to  the  fourth.  The  lateral  excavations  of  the  external  sides  are  deep 
and  rather  large,  and  thin  out  the  anterior  external  edge.  The  lateral 
facets  are  correspondingly  large  on  the  fourth  and  fifth  ;  on  the  third  meta- 
tarsal it  is  small,  and  a  mere  decurvature  of  the  proximal  surface.  That  of 
the  fourth  is  longer  proximo -distally  than  transversely.  That  of  the  fifth 
is  about  as  long  as  wide,  and  presents  more  anteriorly  ;  or,  to  express  it 
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I 
mor<'  nCRuralcly,  the  shad  ami  Leail  present  moni  outvntrdlf  than  Otott  of 
llio  I'ciurih.    Tlie  proxinuU,  ur  cubuid  facui  Is  oamtw  anti>Mi>08ivriori|',  and    i 
is  vurred.  tlio  external  aide  being  concave.     Oo  the  external  skl(?  J  uililiiul 
to  Ms  &cct,  the  heiul  of  ilie  bone  expanda  into  ft  large  out  ward -looking    i 
llfberosity,  which  is  ceparaled  from  the  posterior  luberoehf  by  a  itnin| 
notch.     Between  It  and  the  head  proper,  dq  the  Anterior  tkce,  b>aluj« 
ft»M.     The  entire  form  is  Bomethlng  like  that  of  the  proaimul  exlrcmlly  of    | 
II  femur  with  head,  neck,  great  tmchanter  and  lrocli»nt«rlc  foasa.     A  ivat- 
wljat  similar  form  i»  seen  in  the  corresponding  bone  of  Oxyann/orM^Mfa. 
Tlie  Bliaft  of  the  flftb  metatareal,  ta  one-llfth  longer  than  that  of  the  MCMid 
metacarpal  (?  ltd)  above  descrlbefl.     It^  direction  Is  atmight,  but  U  t*  WM- 
wlmt  curved  auteroposteriorly.     Its  sectioa  is  subtriangular,  the  apes  cs* 
tnrnnl.    The  condyle  is  narrowed  nnil  aab-globular  nbom.  and  tpmdi 
lalcrolly  bebind,  the  external  expansion  being  wide  and  uwre  obliqoe 
Tl)u  kt-rl  is  prominent,  and  in  only  visible  from  above  (In  ftoDtt  n^nnSD^lc 
Thp  distal  extremities  of  some  other  meialarsali  differ  in  bclug  flatter  si  iM 
eplcundyles,  and  concave  between  them  on  the  posterior  lorr. 
dylea  are  more  symmetrical,  and  arc  bonndud  nbnvc  c 
by  a  pmluLUid  trans  verse  groove.   Several  pA<iIarif Mare  preservnl.  iudadini 
pan  of  un  uuguia.    They  are  all  dcpreascd,  and  with  well  tnarkod  anJruUr 
surfikces,  of  which  the  distal  are  well  grooved,  and  the  proxiroMl  notcli«l 
below.     The  lateral  areas  of  insertion  of  the  tendons  of  tho  flwxora  a 
marked  on  the  edges  of  the  posterior  tkces.     An  ungual  phalange  in  outi 
L'omprcased  at  the  bnsc.    Tlie  basal  lalile  is  well  mariied,  and  has  a  Aie   ' 
lulerul  edge.     The  milriiive  forunien  enters  above  the  posterior  extmniiy 
of  this  edge.     No  trace  of  basal  sheath. 

Mtnturtmentt  oj  No.  1.  X. 

Length  of  atlas  at  nnlerior  vertebrartcrial  foramen _ OlM 

Bximnse  of  postzygajiophyaes  of  a  lumbar  vertebra 0230 

Diiinietcr  radius  at  middle  of  ahafl 0100 

Q  real  est  distal  width  of  radius IBM 

Diameters  earpaUurface-*^'""**' O'" 

I  transverse Olffi 

,  vertical  (interiorly) OlM 

Diameters  of  unciform  J  anteroposterior  (greatest) 01-tt 

[  Iransverne  (in  front) .0I» 

Diamcte,^  head  mciacnrpal  I  \  «"' ""Posterior 01» 

Uransverse 01» 

LeiigilL  of  melftcarjial  I  fttlO 

Width  meUK^n^tl  I  "'  epiwmdyles OllO 

Diameters  head  metacarpal  II  |  anteroposterior 0110 


Length  of  metacarpal  II  (or  III).. 
Width  do.  at  e]iicondyles. . 


Diameter  head  of  M.  Ill  (or  II) 


( anteroposterior OlS 


Diameters  head  M.  V 
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MeasuremenU  of  No,  1,  M, 

Diameters  head  of  M.  IV  |  anteroposterior. . .0120 

i  transverse  (at  middle) 0070 

Width  of  patella  near  middle 0190 

Diameters  of  tibia  .07  M.  from  astmgalus  {  *^^^^P^«*^'^^' ^J®^ 

'^  transverse 0130 

Anteroposterior  width  of  astragalar  face 0200 

Total  length  of  astragalus 0310 

/  length  on  groove 0210 

Diameters  of  the  trochlea  <  width  above 0160 

'  elevation  externally 0130 

Greatest  width  of  astragalus  below 0325 

Length  anterior  to  internal  crest  of  trochlea 0100 

Diameters  head  of  metatarsal  III  |  anteroposterior. 0130 

C  transverse  (m  front) 0110 

Diameters  head  of  metatarsal  IV  |  a°tcf«lK><'terior 0140 

C  transverse 0105 

r  anteroposterior 0120 

'  without  tuberosity  <  /  with  lateral 

'  transverse  ?     facet 0080 

(without do..  .0040 

transverse  over  all 0170 

Length  Mt.  V 0460 

Width  do.  at  epicondyles 0120 

Width  do.  at  condyle  above 0065 

Width  of  M.  Ill  or  IV  at  epicondyles 0120 

Width  of  proximal  end  of  phalange 012 

Length  of  smaller  phalange  (1st  series) 0230 

Proximal  diameter  do.  I  ^''"'«'' •    •^^ 

C  transverse OHO 

Ungual  phalange,  vertical  diameter  of  cotylus 0090 

The  specimen  which  has  been  partially  described  in  the  preceding  pages 
as  No.  2,  has  many  pieces  which  are  identical  with  those  preserved  in  spec- 
imen No.  1.  Among  these  may  be  mentioned  the  glenoid  cavities  of  the 
squamosal  bone.  These  display,  besides  the  large  postglenoid  process,  a 
-well  developed  preglenoid  ridge,  as  in  Arctoeyonidm,  OxycmidcB  and  ifeso- 
nychidcB.  A  large  distal  caudal  vertebra  of  elongate  form,  indicates  a 
long  tail.  An  articular  extremity  of  a  flat  bone  is  intermediate  in  form  be- 
tween the  proximal  end  of  the  marsupial  bone  of  Didelphys  and  that  of 
Sarcophilus.  Its  principal  and  transverse  articular  surface  is  transversely 
convex,  as  in  the  latter  {8.  urnnus),  but  the  lesser  articiilur  face  is  sepa- 
rated from  it  by  an  even  shorter  concave  interspace  than  in  the  opossum. 
It  has  almost  exactly  the  form  of  that  of  the  latter  animal.  It  is  a  short, 
flat  cone,  with  two  faces  presenting  on  the  same  side,  the  one  part  pf  the 
concavity  mentioned,  the  other  flat  and  presenling  away  from  it.    This 


piece  hiLS  fis1i;rht  rcsemblAnce  to  tbo  very  peculiar  bead  ot  Oxii  fibula  Id 
the  oppossum,  but  is  not  like  tliai  of  Sarcophiliii  vrfinuf.  I,  howettr, 
think  it  nuicli  more  probably  Ibe  proximiil  EEtreiiiitjof  ■  pi»niupi»l  bout. 
AeuppoEietl  eaatifarm  la  subtmnsvente  ia  position,  aDil  rcanmblM  In  gjat- 
oral  tliose  of  Qzj/ana  and  Esthongx.  It  bus  the  two  large  tnuwvcne  ppit 
imnl  fticeta,  the  anterior  (mc-qunrtcr  wider  tban  tlie  poslerinr.  Tbi;  ilisul 
facet  (trapuzioimpezoid&l)  is  slmpte.  Tlie  mtKicil'ir  is  much  Uke  lluti  (4 
Os^tia /areola,  but  is  more  robust.  lis  external  taberotslty  Ib  lUUcotd 
anteropOBteriorly,  and  is  produced  proximally.  Tbe  tbr««e  disliil  Ivxa 
ftre  vfcU  marked,  tlie  medina  a  little  wider  than  tbe  external,  vtbile  Uii 
inierual  ia  subround.  convex,  and  Babtateral  Id  pi>sitinn.  The  niUKtmn- 
farm  Is  a  Hat  bone,  wlili  i:up-»1inpcd  facet  for  tlie  navicular,  and  narro* 
tacet  for  ilic  flrsl  mctalarsus.  Tble  facet  is  transverse  traits vonitly,  ind 
concave  anteroposteriorly.  It  shows  (1),  Ihat  there  is  a  i>ollex;  i3).  ihtl 
it  Is  probably  small  1  and  (3),  that  it  was  not  opposable  to  the  other  dijiUk 
as  Ib  the  case  in  tbe  opossum.  (4).  Il  doss  nut  show  whetlwr  the  puIlM 
hoe  an  unguis  or  not. 

^enmnrtmtnf*  No.  t,  M. 

Transverse  width  condyle  of  mondililc OSM 

AnK-roposleiior  width  condyle  of  mandible  (at  middle)  .01<I8 

Diametem  head  ofo.m«r*«pii /'""'*'"'"* ^ 

I  anteToposiarkir OOM 

Diameters  cuneiform '""'"^■"1 •"'* 

{  anteroposlonor OlIS 

/  yenipftl    in    rronl OOW 

Didiiictere  navlculaiJ  Iransvcrse OlSO 

'  anteroposterior  (middle) 0110 

[  vertical  at  middle 0100 

Diameters  eclocuntiform  J  anteroposterior  (middle)  . .  .0140 

(transverse  distally 0060 

Two  other  bones  of  specimen  No.  3  I  cannot  positively  delcrroine,  Tif 
first  reseiiil)lcs  somewhat  the  trapezium  of  Surc-philiu  urginut.  and  (till 
more  that  of  Didelphy».  I  will  Hgure  il.  as  a  description  without  ideotiG- 
calion  will  be  Incomprehensible.  Tbe  next  bone  ia  of  very  anomalou; 
form.  It  may  be  the  mngnum,  which  is  the  only  unrecognized  hour  of 
imporiance  remaining,  or  it  may  be  a  large  inlcrmedlum.  It  has  no  it 
sembhini-c  to  tbe  magnum  of  any  mammal  known  to  me.  It  «a«  rn- 
dcntly  wedged  between  several  bones,  ns  it  has  eight  a,rticular  bceu. 
Two  arc  on  one  side  ;  the  largest  (convex  and  oval)  is  on  one  edge ;  Ibm 
arc  on  one  end,  and  Ino,  the  least  marked,  are  on  the  other  flat  side,  o^ 
site  to  the  Srst. 

Itcttorniion.  We  can  now  read  tlie  nature  of  the  primitive  mamintl 
Miiidaii'inferox,  in  so  far  as  the  materials  above  discussed  pe.-mit.  It  im 
a  powerful  flesh. ealcr,  and  probably  an  cater  of  other  things  than  flesb.  11 
had  a  long  tail  and  well -developed  limbs.  It  had  five  toes  all  around,  tod 
the  great  or  first  toe  was  not  opposable  to  tbe  Others,  and  may  have  bM 
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rudimental.  The  feet  were  plaDtigrade  and  the  claws  prehensile.  The 
fore  feet  were  well  turned  outwards.  There  were  in  all  probability  mar- 
supial bones,  but  whether  there  was  a  pouch  or  not  cannot  be  deter- 
mined. These  points,  in  connection  with  the  absence  of  inflection  of  the 
angle  of  the  lower  jaw,  render  it  probable  that  the  nearest  living  ally  of 
the  Mloclcmtts  ferox  is  the  Thylacynus  eynocepluilus  of  TeLsm&n'iSi.  The  pres- 
ence of  a  patella  distinguishes  it  from  Marsupials  in  general.  Its  den- 
tition, glenoid  cavity  of  the  skull  and  other  characters,  place  it  near  the 
ArctocyonidcB.  Should  the  forms  included  in  that  family  be  found  to  pos- 
sess marsupial  bones,  they  must  probably  be  removed  from  the  Creodonta 
and  placed  in  the  Marsupialia. 

This  species  is  about  the  size  of  a  sheep.  The  bones  are  stated  by  Mr. 
Baldwin,  who  discovered  it,  to  be  derived  from  the  red  beds  in  the  upper 
part  of  the  Puerco  series. 

M1OCL.ENU8  BUCCDLENTUS,   Sp.  UOV. 

A  part  ot  the  right  maxillary  bone  which  supports  three  molars  indi- 
cates this  species.  The  molars  are  P-m  iv,  M.  i  and  M.  ii.  This  series  is 
characterized  by  the  remarkably  small  size  of  the  fourth  premolar,  and 
large  size  of  the  second  true  molar.    The  first  true  molar  is  intermediate. 

The  fourth  premolar  consists  of  an  external  cone  and  a  much  smaller  in- 
ternal one.  There  is  a  weak  posterior  basal  cingulum.  The  reduced  size 
of  the  internal  cone  suggests  the  probability  that  the  third  premolar  has 
no  internal  cusp, and  that  there  may  be  but  three  premolars.  In  either 
case  the  species  must  be  distinguished  from  Mioclcenus. 

The  first  and  second  true  molais  have  conic  well  separated  external 
cusps,  and  a  single  pyramidal  internal  cusp.  The  intermediate  tubercles 
are  distinct.  There  is  a  posterior  cingulum  which  terminates  interiorly  in 
a  flat  prominence.  There  is  an  anterior  cingulum  and  a  strong  external 
one,  which  form  a  prominence  at  the  anterior  external  angle  of  the  crown. 
£namel  wrinkled. 

Measurements  of  Superior  Molars.  M. 

Length  of  bases  of  P-m.  iv  M.  i  and  ii 0180 

Diameters  P-m.  iv  {  anteroposterior 0040 

t  transverse 0046 

Diameters  of  M.  1  {  anteroposterior 0060 

i.  transverse 0065 

Diameter  of  M.  ii  (  anteroposterior 0070 

I  transverse 0085    * 

MiOCLiENUS  8UBTRIGONU8  Cope. 

This  species  has  been  known  hitherto*  from  a  palate  with  three  molars. 
I  am  now  able  to  give  the  characters  of  the  inferior  molar  series,  which 
have  been  found,  by  Mr.  Baldwin,  associated  with  the  true  superior  molars. 
Of  the  latter  it  may  be  remarked  that  the  second  true  molar  is  not  so  much 
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longer  than  the  Srsl  as  in  Af.  bucculeiitiie,  nltliougli  the  ilitrpivnpr  in  sUr  It 
very  evident.  Tlio  Ihin)  i»  Biau,Uer  Uiau  [lie  firal,  and  ovoid  in  uutline.  nbile 
the  Rrst  and  st'cond  are  eulxiuAdmte.  Tlio  exiomal  ciup*  nrc  mnic  and 
widely  8cparat«il  aud  tbc  intern) ediBt«  areas  are  dieliurt.  TLere  Is  a  tinpi- 
lam  all  rouud  the  rrown  of  ilie  last  two,  and  round  tbat  of  tbe  Srat  extvpt 
at  the  inner  aide,  and  at  the  unteroexleran]  angle. 

Tlic  last  three  Enferior  premolars  arc  higher  than  long  at  the  ba!«e,  and 
are  uotnprcRsed  and  the  aiiex  acute.  The  |>ogterior  edge  of  the  third  and 
fourth  is  iTUDcate,  and  simple,  Each  liae  a  posterior  cinguitiin  wliich  tanot 
a  narrow  hevl  on  the  fourth.  No  other  cingula.  Of  the  true  melon 
only  the  second  is  wanting.  Thefonnof  theHeis1ikeUK>«cof  tbi' if. /(r#ft 
witli  tlie  cusps  more  prominent.  Tlie  first  only  lias  trace  of  the  anterior 
V  :  la  the  otbers,  the  two  anterior  tnberr'les  are  opposite  and  oonnoeied  hT 
a  short  anterior  ledge.  The  heel  of  the  first  cooiista  of  a  buslii  bounded  I? 
these  tiibercles,  of  wUicU  the  external  ie  pyramidal  and  largest  TV 
median  posterior  is  small.  The  heel  of  the  third  is  narrow  and  prominent, 
end  the  Internal  lateral  luliercle  is  represented  by  a  shorl  mised  edge.  Tht 
enamel  of  all  the  molars  is  wrinkled,  and  Ihe  inner  side  of  tlie  pmnnlin 
Ib  grooved  with  the  height  of  the  crown,  A  weuk  external  cingulum  on  I 
M.  Ui. 

MMiurtmmU.  M. 

Length  of  last  three  superior  molnre 0385 

Dlnm.tmoril.ii'"""'!"'"*' "«" 

( ttausverse 0060 

Diamete.^ofM.uJ»°^™P^"™^ JJ^ 

Diameters  of  M.  iii  {  ^'"*'«'P«»terior ■. 0M7 

*  transverse 0060 

Length  of  last  inferior  molars 0340 

Length  of  last  three  premolars. 01« 

Length  of  P-m.  iv 0050 

Elevation  of  P-m.  iv 0050 

Diameters  of  M.  I  {1'^'^^™?;^^^'^'"' J^^ 

Diameters  of  M.  iii  '  «"«roposterior 0070 

L  transverse 0035 

Rather  larger  than  the  pine  weasel,  MiuUla  anuricana. 
MiocL«st:s  conBDOATUB,  sp.  nov. 

Tliis  species  is  Icnown  fVomat^ght  maxillary  bone  which  contains  thelul 
four  molar  teeth,  with  parts  of  pelvU  aud  other  bonea  of  one  individiuL 

This  species  is  intermediate  la  aize  between  the  Jf.  protojfoitioidtt  and 
M.feroi,  as  the  following  measurements  of  the  second  superior  iruemobr 

Jf.  pratogonloldtl.    U.  e^rmgaltt,    M  Jtna. 

Diameter,  transverse Oil  .0118  .019 

anteroposterior. 008  .010  -OlS 
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The  superior  molars  are  more  nearly  quadrate  than  in  the  other  species 
of  the  genus,  owing  to  the  better  development  of  the  posterior  internal 
tubercle,  which  is,  however,  as  in  the  others,  a  mere  thickening  of  the 
posterior  cingulum.  It  is  wanting  ftom  the  last  superior  molar.  The 
cusps  on  the  true  molars  are  as  in  the  if  ferox,  small,  and  not  large  and 
closely  placed  as  in  Jf.  protogonioides.  The  intermediate  ones  are  nearly 
obsolete.  The  crowns  are  all  entirely  surrounded  by  a  cingulum.  The 
entire  enamel  surfaces  wrinkled  so  as  to  be  rugose,  although  the  teeth  are 
those  of  an  adult  and  well  used.  The  second  superior  molar  is  larger  than 
the  first,  exceeding  it  in  the  transverse  rather  than  the  fore-and-afl  diame- 
ter. The  third  is  the  smallest,  and  is  of  oval  form  with  obliquely  truncate 
external  face.    It  is  less  reduced  than  in  the  M,  turgiduM, 

The  fourth  premolar  consists  of  a  strong  compressed-conic  cusp  with 
three  basal  cusps  of  small  size,  viz.,  an  anterior,  a  posterior,  and  an  in- 
ternal. The  last  is  the  larger,  though  small,  is  formed  like  a  heel,  and  is 
connected  with  the  others  by  a  cingulum.    No  external  cingulum. 

3feasuremerUs.  M. 

Length  of  last  four  molars 036 

Diameters  P-m.  iv  { '"'teroposterior 010 

i  transverse 008 

**         M  i / anteroposterior 010 

I  transverse 010 

**         M   iii  /  anteroposterior* * 008 

I  transverse Oil 

From  the  Upper  Puerco  beds. 

Pantolambda.  bathmodon  Cope,  American  Naturalist,  1883,  p.  418. 

In  describing  this  genus  and  species,  I  remarked,  loc.  cit.,  that  they 
were  "founded  on  a  mandibular  ramus,  which  supports  the  first  true 
molar,  and  the  last  two  premolars.  The  characters  of  these  teeth  remark- 
ably resemble  those  of  Ooryphodon,  ♦  ♦  ♦  It  will  be  for  additional 
material  to  demonstrate  whether  this  genus  belongs  to  the  Amblypoda  or 
Perissodactyla,  *  * 

A  considerable  part  of  the  skeleton  of  this  species  having  been  recently 
sent  me  by  Mr.  D.  Baldwin,  I  am  able  to  throw  much  light  on  the  affini- 
ties of  this  curious  genus. 

In  the  first  place,  the  phalanges  (not  ungual),  show  that  the  genus  is 
ungulate.  Secondly,  the  astragalus  has  a  large  distal  facet  for  the  cuboid 
bone.  This  proves  that  the  genus  cannot  be  referred  to  the  Taxeopod 
order.  The  question  as  to  whether  it  belongs  to  the  Amblypoda  or  the 
Diplarihra  would  be  decided  by  the  carpus,  but  that  part  is  unfortunately 
not  preserved,  and  I  have  to  rely  on  empirical  indications  for  a  provisional 
determination.  Apart  from  the  astragalus,  the  characters  are  those  of  the 
Condylarthra  rather  than  of  the  FtriModactyla,  and  it  is  therefore  to  be 
supposed  that  the  carpus  has  also  the  characters  of  that  order.  This  would 
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place  the  genus  in  the  Pantodonta,  which  has  the  carpus  nearly  that  of  the 
Taxeopoda,  and  the  tarsus  of  the  Diplarthra.    The  points  of  resemblance 
to  the  Condylartkra  are  the  following  :  The  ilium  is  narrow.  The  humerus* 
has  an  epitrochlear  canal.  The  superior  molar  teeth  have  but  one  internal 
lobe.    The  resemblances  to  the  ParUodorUa  are  these :  The  cervical  ver— 
tebrae  are  plane  and  sliort.    The  femur  has  a  third  trochanter.     The  pre^ 
maxillary  bone  in  dentigerous.    The   astragalar  trochlea  is  as  in  th^ 
PeriptyehidcB,  and  the  Proboscidia ;  that  is  without  groove,  and  slightly 
convex  anteroposteriorly,  thus  diflFering  from  that  of  the  BzrUodontci.   The= 
dentition  is  especially  like  tliat  of  the  Amblypoda  in  general,  and  that  o^^ 
the  superior  series  is  unlike  anything  known  in  the  Diplarthra, 

I  propose  to  place  this  genus  in  the  Amblypoda  for  the  present,  next  to 
the  Pmtodonta,  but  it  cannot  enter  that  sub-order  on  account  of  the  form, 
of  its  astragalus.   The  sub-orders  of  Amblypoda  will  be  defined  as  follows  ^ 

Astragalus  with  a  head  distinct  from  trochlea,  with  distal  ar- 
ticular facets Taligrada. 

Astragalus  without  head  ;  distal  facets  subinferior Ptintodonia. 

In  the  sub-order  Taligrada,  the  single  family  I^ntolambdida  presents  th 
following  characters : 

Superior  and  inferior  molars  with  the  cusps  developed  into  Vs.  Poet 
glenoid  process  present ;  postympanic  and  paroccipital  not  distinct.  Al 
the  vertebras  with  plain  articulations.  Humeral  condyles  without  inter 
trochlear  ridge.  Femur  with  third  trochanter.  Digits  of  posterior  foo 
probably  five.     Metapodial  keels  small  and  posterior. 

Of  this  family  Pantolambda  is  as  yet  the  only  known  genus.  Its  leadin 
characters  are  as  follows  : 

Canine  teeth  distinct ;  dental  series  continuous.  Superior  molars  all  M^  -^^ 
triangular,  that  is  with  a  single  internal  cusp.  External  cusps  of  premo —  •^^' 
lars  unknown  ;  of  molars  two.  Internal  cusp  V-shaped,  sending  its  horns-^^t  ^^ 
externally  as  cingula  to  the  anterior  and  posterior  bases  of  the  external  M  -** 
side  of  the  crown,  without  intermediate  tubercles.  Inferior  true  molars 
with  a  crown  of  two  Vs,  the  anterior  the  more  elevated.  Premolars  con- 
sisting of  one  open  V,  with  a  short  crest  on  a  short  heel,  as  in  Coryphodon. 
Dental  formula  V^ ;  C  }  ;  P-m.  l\\  M.  f  ;  the  last  inferior  with  a  heel. 
A  strong  sagittal  crest.  Auricular  meatus  widely  open  below.  Large 
postparietal,  postsquamosal  and  mastoid  foramina. 

Cervical  vertebne  rather  short ;  other  vertebrae  moderate,  the  lumbars 
not  elongate.  A  large  tail.  Humerus  with  large  internal  epicondyle. 
Femur  with  all  the  trochanters  large.  Ilium  with  the  anterior  inferior 
spine  well  developed.  Metacarpals  short,  plantigrade.  Phalanges  of  second 
series  flat,  and  of  subquadrate  outline.  The  astragalus  has  a  wide  head,  but 
no  neck,  as  it  is  not  separated  from  the  tochlear  port  ion  by  a  constriction. 
It  is  as  wide  as  the  trochlear  portion,  but  about  one -third  of  its  length  ex- 
tends within  the  line  of  the  malleolar  fistce  of  the  trochlear  portion.    The 
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navicular  face  is  flat,  that  of  the  cuboid  bone  is  convex  vertically,  and  one- 
half  as  long  horizontally  as  the  navicular,  and  only  half  as  deep.  These 
two  facets  are  continuous  with  the  sustentacular  below.  Interior  to 
all  of  these,  on  the  internal  tuberosity  of  the  head  is  a  sub-round  facet  look- 
ing inwards,  like  that  characteristic  of  the  genus  Baihmodon,  but  rela- 
tively larger.  A  continuous  facet  is  seen  on  the  adjacent  edge  of  the 
navicular.    The  use  of  these  facets  is  unknown. 

The  brain  case  indicates  small  and  nearly  smooth  hemispheres,  extend- 
ing with  little  contraction  into  a  rather  large  cerebellum.  The  olfactory 
lobes  arc  produced  anteriorly  at  the  extremity  of  a  rather  long  isthmus. 

If  we  consider  the  dentition  alone,  Pantolambda  is  the  ancestor  of  the 
CoryphodoniidcB.    The  history  of  the  feet  requires  further  elucidation. 

The  Bobntolambda  hathmodon  is  about  as  large  as  a  sheep. 

From  the  upper  beds  of  the  Puerco. 

MiXODECTES  PUNGENS,  gCU.  Ct  Sp.  UOV. 

CTuir.  Oen. — The  position  of  this  genus  is  uncertain,  but  may  be  near  to 
CynodontomyB  Cope,  which  I  have  provisionally  placed  among  the  Pro- 
simifiB*.  It  is  only  known  from  mandibles,  which  have  presumably  the 
following  dental  formula.  I.  0  ;  C.  1 ;  P-m.  4 ;  M.  8.  An  uncertainty 
exists  as  to  the  proper  names  of  the  anterior  teeth,  which  cannot  be  de- 
cided until  the  discovery  of  the  superior  series.  For  instance  the  formula 
may  be ;  I.  1  ;  C.  1  ;  P-m.  3. 

The  supposed  canine  is  a  large  tooth,  issuing  from  the  ramus  at  the 
symphysis  like  a  rodent  incisor,  and  has  an  oval  section,  witli  long  dia- 
meter parallel  to  the  symphysis.  The  crown  is  lost  from  all  the  speci- 
mens. The  second  tooth  is  similar  in  form  to  the  first,  but  is  much 
smaller.  It  is  situated  posterior  and  external  to  the  first.  The  next  tooth 
is  Etill  smaller  and  is  one-rooted.  The  third  and  fourth  premolars  have 
simple  conic  crowns,  and  more  or  less  developed  heels  without  cusps.  The 
true  molars  are  in  general  like  those  of  Pdycodxu  ;  t.  «.,  with  an  anterior 
smaller,  and  a  posterior  triangle  or  V.  The  supplementary  anterior  inner 
cusp  is  quite  small,  while  the  principal  anterior  inner  is  elevated.  The 
posterior  inner  is  much  more  elevated  thaa  in  the  species  of  Pelycodus, 
Last  inferior  molar  with  a  fifth  lobe. 

This  genus  cannot  be  referred  to  its  place  without  additional  material, 
but  the  parts  discovered  indicate  it  to  be  between  Pdyeodus  and  Cynodon- 
tomys  ;  either  in  the  Mesodonta  or  the  Prosimiat.  1  may  here  remark  that 
in  defining  the  latter  genus  I  was  in  doubt  as  to  the  number  of  the  inferior 
premolars.  The  discovery  of  the  present  genus  renders  it  probable  that  It 
bas  three  such  teeth,  and  that  the  anterior  two  are  each  one-rooted. 

Cha/r.  Specif.  The  mandible  of  the  Mixode<^te»  pungens  is  about  the  size 
of  that  of  the  mink.  Its  inferior  outline  is  straight  to  below  the  second 
premolar,  whence  it  rises  upwards  and  forwards  like  that  of  a  rodent. 
The  anterior  masseteric  ridge  is  very  prominent,  but  terminates  below  the 

•  Paleontologloal  Bulletin  No.  34,  p.  151. 
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middle  of  (he  ruiuttB.  InTLTior  massieteric  ridge  much  lees  pronounced. 
The  inferior  part  of  (lio  mmus  is  robust  below  the  base  of  the  coronoid 
pn>ce.ss,  but  there  is  no  indication  of  rccurrature  of  Ihtt  edge.  Menial 
foramina  two :  one  bolow  the  front  of  the  first  true  molar,  and  one  below 
the  Bccond  premolar. 

Tlic  oval  liaso  of  the  canine  is  not  flutteacd  on  either  side;  thai  of  the 
eocoDd  tciolh  is  flattened  on  the  iaacr  side.  There  is  a  groat  differeaoe  tw- 
tween  the  aiwe  of  the  last  tliree  premolars.  Tlie  fourth  is  twice  as  large 
■H  the  third,  and  the  second,  judging  from  Ibe  Bpace  and  the  size  of  its  *!■ 
veoliiB,  was  much  smaller  than  the  third,  and  the  crown  was  probably  a 
simple  ncute  cone.  The  crown  of  ihc  third  is  of  that  form,  with  the  addi- 
tion of  a  short  beel.  The  long  axis  of  the  base  of  the  crown  is  diagonal  to 
that  of  the  Jaw.  The  fourth  premolar  lias  \%  rolativcly  larger  heel  than  the 
third,  but  it  is  shorter  than  the  diameter  of  the  base  of  the  cusp.  Its  pos- 
terior edge  is  elevated.  The  cusps  ol  the  anterior  pair  of  the  true  molsn 
are  elevated,  but  the  interior  ia  the  most  so.  The  HUppIetaenlary  ooe  is 
not  exactly  in  the  line  oE  the  interior  border  of  the  crown.  Each  of  the 
inner  cuapB  are  connected  with  the  bdae  of  the  external  by  a  ridge,  whicti 
together  form  a  V.  The  posterior  bnsc  is  nearly  surrounded  by  a  taUed 
edge,  which  rises  into  cusps  at  the  posterior  lateral  aaglcs.  Of  these  tlis 
internal  is  the  more  promincat.  Theedge  conaectinglhcse  cusps  is  sli^ity 
convex  bachwards,  and  evidently  bears  a  pari  in  mastication.  The  laleni 
borders  of  the  last  molar  are  somewhat  expanded,  and  the  Sflb  lobe  is  veij 
sliort.    No  ciagula  on  any  of  the  teeth. 

XeatitreKenti.  M. 

Length  of  dental  scries  from  "  canine"  exclusive 0265 

"  true  molar  series 0140 

I  longthudinal 0O4O 

Dmmctera -canme     (trenaverse 0030 

Long  diameter  of  base  of  "P-in.  i" 0028 

P.m-ii 0017 

^  f  vertical OOSS 

t  anteroposterior 0O5O 

Diame-ereH.  ii    /(""•s^'rse mS 

I  auteropoetenur OOSO 

Lengthof  crown  of  M.iii  0060 

Depth  of  ramus  at  P  m.  iil 0090 

M.  lit 0100 

MixooECTEB  cnAssujscrLus,  sp.  nov. 

This  mammal  ia  represented  by  fragments  of  twomandibles  from  differ- 
ent individuals  ;  one  leaa  and  the  other  more  worn  by  maatication.  The 
species  diHcrs  from  the  last  in  tts  greater  size,  and  in  the  relatively  greater 
length  of  the  last  Inferior  molar.  The  length  of  the  poBterior  four  moltn 
of  the  if,  pungent  equals  that  ol  the  three  true  moUra  of  the  Jf.  erami^' 


Diameters  P-n 
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cuius;  and  the  last  true  molar  of  the  latter  is  half  as  long  again  as  the  pen- 
ultimate, while  in  M.  pungens  it  exceeds  it  bat  little. 

The  best  preserved  true  molar  is  the  second.  Its  most  elevated  cusps 
are  the  anterior  and  posterior  inner,  of  which  the  anterior  is  subconic  and 
more  elevated.  The  anterior  external  cusp  is  crescentic  in  section,  and 
sends  crests  to  the  supplementary,  anterior,  inner  and  the  posterior  anter- 
ior inner,  both  of  which  descend  inwards.  The  posterior  crest  reaches  the 
posterior  base  of  the  anterior  inner  cusp. 

The  posterior  external  cusp  is  an  elevated  angle,  sending  crests  forward 
and  backwards.  The  former  reaches  the  base  of  the  anterior  external 
cusp  (not  reaching  the  inner),  while  the  latter  passes  round  the  posterior 
edge  of  the  crown.  As  in  i/1  pungens,  it  is  convex  posteriorly,  and  rises 
to  the  posterior  internal  cusp.  In  both  species  its  appearance  indicates  that 
it  performs  an  important  masticatory  function  in  connection  with  the  su- 
perior molar.     No  cingula. 

Measurements,  M. 

Length  of  bascF  of  M.  ii  and  iii ;  (No.  2) 0125 

base  of  M.  iii ;  (No.  2) 0070 

Diameters  crown  M.ii;    (No.  1)    ^  anteroposterior  ...  .0056 

^transverse 0050 

Depth  of  ramus  at  M.  ii;  (No.  1) 0100 

Pehiptychus  caeikidens  Cope. 

Additional  specimens  of  this  species  demonstrate  that  the  last  inferior 
molar  has  a  diHerent  form  from  that  of  the  P.  rhabdodon.  While  of  the 
same  length,  it  is  narrower  throughout,  conformably  with  the  smaller  size 
of  all  the  other  molar  teeth. 

Phenacodus  calceolatcs,  sp.  nov. 

This  species  is  founded  on  fragments  of  the  skull  and  limbs,  with  teeth, 
of  a  single  individual.  The  teeth  consist  of  two  superior  and  four  inferior 
molars  of  one  side,  and  a  smaller  number  of  those  of  the  opposite  side. 

The  teeth  are  of  the  size  of  those  of  the  P/ienaeodus  puereensiSt  and  like 
that  species,  there  is  no  median  external  cingular  cusp  of  the  superior 
molars.  In  these  teeth  the  external  basal  cingulum  is  weak,  but  there  is 
a  strong  anterior  cingulum,  distinct  from  any  of  the  cusps.  No  internal 
cingulum.  External  cusps  conical,  well  separated ;  intermediate  cusps 
rather  large  ;  internal  cusps  rather  large,  close  together,  but  deeply  sepa- 
rated. The  last  superior  molar  is  reduced  in  size.  It  has  well  developed 
anterior  and  posterior  cingula,  a  weak  external,  and  no  internal  cingula. 
The  intermediate  tubercles  are  ratlier  large,  and  there  is  one  large  in- 
ternal tubercle. 

The  heel  of  the  last  inferior  molar  is  short,  wide  and  rounded.  The 
posterior  tubercle  is  but  little  behind,  opposite  the  posterior  internal  tu- 
bercle. The  latter  is  separated  from  the  anterior  inner  by  a  deep  fissure, 
while  the  opposite  side  of  the  crown  is  occupied  by  a  large  median  exter- 
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nal  cusp,  wliicli  lias  a  Beiulcircular  section.  The  large  anterior  cusps  an 
conflucDt  on  wearing.  No  anterior  cingulum  in  the  worn  crown.  The 
crownB  oribe  flvat  and  second  true  molarsoftbespecImetiaTti  raihoncon. 
Tlic;  show  that  the  posterinr  medirui  tubercle  is  very  indistinct  and  prob- 
ably absent.  The  bases  of  (be  smaller  inner  cusps  are  rouni],  and  on  wev' 
ing  unilewith  the  larger  eitemal  cuspB.  Of  the  latter  the  posterior  la  tbt 
Inrger.  Anterior  cingulum  rudimental  orwanling.  No  talerol  or  pM- 
teriir  cingula.  The  principal  poeuliarilj  or  the  lower  deolitiaa  of  thli 
specieH  and  the  one  from  which  it  is  naiuod.  is  the  form  of  the  Ihinl  nr 
fourth  (probably  third)  premolars,  both  of  which  are  preserved.  Tli»J 
have  a  compressed  apex,  which  descends  steeply  to  the  nntcriortioai',  with- 
ottt  basal  or  lateral  tubercle.  The  base  of  the  crown  sprfads  out  laterally 
btihind,  and  is  broadly  rounded  at  tlie  posterior  margin,  so  as  to  resemblt 
the  toe  of  a  wide  and  moccasinod  foot.  It  is  depressed,  the  aurikoo  rising  to 
the  apex  ft'oni  a  flat  base. 

JUMiuremtiiU.  H. 
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I  transverse 00a 

About  tlie  slie  of  the  P.  jntercenti*. 

Note  OS  THE  Mamuali.\  of  the  Pckrco  and  the  ORiam  or  tm 
quASiUTUBEncL'LATEi:  SopEHiOR  MoLAB. — It  is  now  apparent  that  the  type 
of  superior  molar  tooth  which  pi-edominated  during  the  Puerco  epodi 
was  triangular ;  that  is,  with  two  external,  and  one  internal  tube rcle*- 
Thus  of  forty -one  species  of  Mammalia  of  which  the  superior  toolats  an 
known,  all  but  four  have  three  tubercles  of  the  crown,  and  of  these  thirty- . 
eiglit  triangular  ones  we  may  except  those  of  three  species  nf  IWiptfekti, 
wiiich  Imvo  a  small  supplementary  lobe  on  each  side  of  the  mediaji  pnn- 
cipal  inner  tubercle. 

This  fact  is  important  as  indicating  the  mode  of  development  of  lb* 
various  types  of  superior  molar  teeth,  on  which  we  have  not  herolofbrt 
had  clear  light.  In  the  llrat  place,  this  type  of  molar  exists  to^ay  ootyii 
the  insectivorous  and  carnivorous  Marsupialia  ;  in  the  Inseclivora.  andlbe 
tubercular  molars  of  such  Carnivora  as  possess  them  (excepting  Ibe  planti- 
grades}. In  the  Ungulates  [he  only  traces  of  it  are  to  be  found  in  lb* 
molars  of  the  Caryphodentidas  of  the  Wasatch,  and  Dinottnta  of  lb> 
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Bridger  Eocenes.    In  later  epochs  it  is  chiefly  seen  only  in  the  last  supe- 
rior molar. 

It  is  also  evident  that  the  quadritubercular  molar  is  derived  from  the 
tritabercalar  by  the  addition  of  a  lobe  of  the  inner  part  ol  a  cingulum  of 
the  posterior  base  of  the  crown.  Transitional  states  are  seen  in  some  of 
the  Periptychida  (An%Mnchu»)  and  in  the  sectorials  of  the  Procyonida. 


On  the  Brains  of  the  Eocene  Mammalia  Phenacodus  and  PdHptychuB.    By 

E,  D,  Cope. 

iRead  before  the  American  Philosophical  Society,  December  15,  18S£.) 

PHENACODUS  PRIMiEVUS  Cope. 

A  cast  of  the  cranial  cavity  gives  the  following  as  the  general  characters 
of  the  brain.  The  cerobal  hemispheres  are  remarkably  small,  each  one 
being  less  by  one-quarter  than  the  cerebellum.  They  are  separated  from 
the  latter  and  from  the  large  olfactory  lobes  by  strong  constrictions.  The 
posterior  one  is  occupied  by  a  thick  tentorium.  In  like  manner  a  wide 
groove  for  a  robust  falx  separates  the  hemispheres  above,  a  notch  repre- 
sents the  sylvian  fissure,  and  the  lobus  hippocampi  is  quite  large.  The 
vermis  of  the  cerebellum  is  quite  distinct,  and  the  lateral  lobes  are  large. 
They  are  impressed  laterally  by  the  petrous  bones  as  in  various  ruminants. 
The  anterior  columns  of  the  medulla  are  not  visible.  There  are  traces  of 
the  convolutions  on  their  hemispheres. 

The  brain  displays  the  following  more  special  features.  The  olfactory 
lobes  are  as  wide  as  long,  and  they  diverge,  having  two  external  sides. 
In  section  they  are  triangular,  presenting  an  angle  downwards.  The 
hemispheres  are  depressed,  and  wider  posteriorly.  They  are  well  sepa- 
rated from  each  other  and  from  the  cerebellum  ;  so  much  so  that  it  is 
quite  probable  that  the  copora  quadrigemina  are  exposed.  Their  outlines 
are  however  not  distinguishable  on  the  flat  surface  which  connects  the 
hemispheres  posteriorly.  No  further  indication  of  sylvian  flssure  can  be 
seen  in  the  cast  beyond  an  entering  angle  defining  the  lobus  hippocampi 
anteriorly.  The  latter  is  prominent  externally,  and  less  so  downwards. 
There  are  distinct  indications  of  convolutions.  There  are  three  on  each 
side  above  the  sylvian  convolution,  and  a  fourth  extends  from  the  sylvian 
upwards  and  posteriorly  below  the  posterior  part  of  the  third  or  external 
convolution.  The  sulci  separating  the  convolutions  are  very  shallow. 
The  internal  and  external  convolutions  unite  anteriorly,  passing  round  the 
extremity  of  the  median  convolution.  The  space  between  this  gyrus  and 
the  base  of  the  olfactory  lobe  is  only  three  millimeters. 
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The  cerebellam  is  larger  than  a  single  hemisphere.  Its  superior  surface 
is  somewhat  flattened,  and  descends  forwards ;  the  lateral  boundary  of 
this  face  is  a  projecting  edge  which  rises  behind  to  an  angle  of  the  vermis. 
The  posterior  face  is  shorter  than  the  superior,  and  is  yertical.  It  is  sepa- 
rated by  a  space  trom  a  very  prominent  lateral  convolution,  while  the 
region  of  the  flocculus  is  concave  trom  the  internal  form  of  the  ascending 
portion  of  the  petrous  bone.  This  concavity  is  open  anteriorly.  The 
base  of  the  flfth  pair  of  nerves  is  below  its  apex,  and  that  of  the  sixth 
below  the  inferior  extremity  of  the  lateral  convolution.  The  section  of  the 
medulla  oblongata  is  a  transverse  oval ;  its  inferior  face  and  that  of  the 
pons  varolii,  smooth.  A  deep  fossa  just  anterior  to  the  bases  of  the  optic 
nerves. 

Measurementi  of  brain,  M. 

Length  from  vermis  to  olfactory  lobes  inclusive 070 

of  olfactory  lobes  from  above 015 

of  hemispheres,  from  above 030 

**      of  cerebellum  from  above 024 

Depth  of  olfactory  lobe 010 

"     of  hemisphere 023 

"     of  cerebellum  and  medulla 026 

**     of  medulla  at  vermis 015 

Width  ofolfactory  lobes  at  middle 030 

**    of  hemispheres  in  fh>nt 044 

behhid 044 

*'    ofcerebfeUum 036 

medulla  at  vermis 020 


it 
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PERIPTYCHUS  RHABDODON  Cope. 

I  have  obtaiaed  a  cast  of  the  top  and  sides  of  the  cerebral  hemispheres, 
and  the  proximal  portion  of  the  olfactory  lobes,  ftom  a  skull  of  a  Pieripiych^^^ 
in  which  the  teeth  are  preserved,  and  prove  the  species  to  be  the  P.  rJUf-^' 
dodon.    The  olfactory  lobes  are  enormous,  and  the  hemispheres  small  at^ 
very  flat.  The  mesencephalon  is  entirely  exposed.  The  cerebral  hemisphere* 
are  very  flat,  and  are  only  diff*erentiated  from  the  olfactory  lobes,  hy^     * 
moderate  contraction  and  depression,  which  forms  the  peduncle  ©f  t  ^^ 
latter.  Only  the  proximal  part  of  the  olfactory  lobes  is  preserved,  but  tV^  ^* 
expands  so  as  to  be  only  a  little  narrower  tlian  the  hemispheres.    T^^^ 
peduncle  has  a  ridge  on  the  median  line,  and  a  shallow  fossa  on  each  si*^^ 
of  it.    The  lateral  outlines  of  the  hemispheres  diverge,  and  the  widest  p^»^ 
is  posterior.    There  is  no  indication  of  sylvian  Assure.   The  transverse  s^^^ 
tion  of  the  hemispheres  would  be  a  flat  arch,  but  for  the  presence  of^     * 
longitudinal  oval  protuberance  on  each  of  them,  which  do  not  quite  tou^^^ 
the  median  line,  and  which  have  definite  boundaries.     If  their  lim^^^ 
determine  the  size  of  the  cerebral  hemispheres,  then  the  latter  are  wld^^ 
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than  long,  bat  they  probably  pass  gradaally  into  the  mesencephalon  be- 
hind them.  These  bodies  remind  one  of  the  corpora  olivseformia,  and 
may  represent  the  superior  or  median  frontal  convolutions.  They  are 
probably,  however,  not  to  be  homologized  with  any  convolutions,  repre- 
senting rather  the  cerebral  vault  of  the  lateral  ventricle.  Posterior  to 
them  the  flat  surface  descends  gently  without  indication  of  copora  quadri- 
gemina  or  other  irregularity,  and  at  a  distance  about  equal  to  the  length 
of  the  oval  bodies,  it  begins  to  rise  gently.  The  cranium  is  broken  here, 
and  no  cast  of  the  cerebellum  was  obtained. 

I  may  remark  that  the  cranium  from  which  this  cast  is  taken  is  not 
crushed,  and  that  it  consists  of  parts  of  the  parietal  and  squamosal  bones 
only.  The  latter  remain  as  far  as  the  mcurvature  to  the  pterygoid  pro- 
cesses in  front  of  the  glenoid  cavity. 

Measurement  of  brain.  M. 

Length  from  posterior  rise  to  base  of  olfactory  lobes 037 

Length  of  oval  bodies  of  hemispheres 018 

Width  of  proximal  part  of  olfactory  lobes 027 

Width  of  olfactory  peduncles 021 

Length  from  olfactory  lobes  to  oval  bodies  of  hemis- 
pheres  005 

Diameter  of  hemispheres  at  posterior  part  of  oval  bodies.  .088 
Depth  from  sagittal  crest  to  olfactory  lobes 024 


EXPLANATION  OP  PLATES. 

Plate  I. 

Casts  of  the  brain  case  of  Phenacodui  primavue  Cope,  natural  size. 

Fig.  1.  Lateral  view. 

Fig.  2.  Superior  view. 

Fig.  8.  Anterior  view. 

Fig.  4.  Posterior  view. 

Plate  II. 

Fig.  1.     Brain  of  Phenaeodui  primatuB,  inferior  view. 

Fig.  2.     Cast  of  brain  case  of  Periptyehui  rhabdodan,  superior  view. 

Fig.  3.     Cast  of  brain  case  of  Periptyehui  rhabdodon,  lateral  view. 
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Photodnnamic  ^otet.  VH.    By  Pltny  Sarlt  Chast,  LID, 

(.Ri^arl  before  tht  Amerieaii  Phila*aphieal  Soeietj/,  Janaary  IS,  ISSi.) 

302.      Combined.  Comttary  Harmoniet. 

In  Note  29^.  I  Bhowed  thnt  the  primitire  phylloliicLic  wave-lpadenci** 
in  the  spectrum  ol  Comet  Walls,  were  modiflcd  by  linear  usciltuiion^  lad 
nlso  by  two  aeemioglT  lodcpendeDt  hnnnonic  pragressione.  Oa«  of  (tit 
nritbnietlcal  progresaiona  ■wliinh  formed  the  harmonic  diTisore  hud  a  min- 
ing term,  1  +  b.  Tot  which  Huggins  observed  do  correspODding  line.  U[nB 
(Virltier  exnminntion,  I  find  that  Ihe  completion  of  the  harmony,  by  loMrt- 
Ing  tlie  provisional  wave  length.  ,9,  =^  a  -»-  (1  +  ft)  =  4583.4,  fiunnhn 
a  phyllotactic  bond  between  the  two  obKOi-yed  liarmonic  progreasions.  Pot 
4683,3  =:  J-  -J-  j  CiS-j-),  and  ,J,  represenls  a  projeclile  tocus  of  rotary  oKil'i' 
tion  between  3  and  y.  ^loreover,  the  locus  of  the  center  of  mt»Ty  ouDU- 
tiou,  }  (.fi-f)  ^BO.8,  helps  to  determine  phjliouclicallf  the  value  of  a. 
eittce  I  («-^)=  50.635. 

303.     TeUphonie  Anatogg. 

The  telephone  shows  the  Influence  of  liarraonic  oacillationa  in  eucmmim 
media  of  different  elasticitj',  and  it  majr  p«r1iaps  furnish  suggesliuns  «hirh 
will  prove  useful  in  Investigating  the  penisteoce  of  sotar  energy.  Tbt 
Sitmospherjc  Bound-wavos  sthlce  the  diaphragm,  exciting  metallic  sou n<I- 
Wdves  ;  these,  in  the  medinnloal  telephone,  are  lninsml(ti!(l  ilirniish  I'l" 
wire  to  the  receiving  diaphragm,  where  thej  excite  new  atmospheric 
sound-waves,  which  aivalccn  audible  sound-waves  in  the  tympanum  of  the 
listener.  In  the  electric  telephone,  the  metallic  sound-wavea  modoUte 
the  electric  waves,  which  are  forwarded  with  much  greater  speed  than  the 
ordinary  metallic  waves,  affecting  tlie  air  in  the  receiver  and  the  ear  of  die 
hearer  in  the  same  way  as  ia  the  mechanical  telephone-  In  a  communicatton 
to  the  American  Philosophical  Society,  March  21,  1873  (_Proc.,  xiii,  lW-51). 
I  pointed  out  harmonies  of  light  and  sound,  which,  with  the  identitvof 
Note  280,  account  for  these  successive  transformations.  Berlhelot's  «■ 
plosive  waves,  (Notes  3Tfl,  378}  must  similarly  produce  luminous  loil 
electrical  waves  in  Sun's  atmosphere,  and  thus  contribute  towards  Ibe 
maintenance  of  solar  radiant  energy. 

304.    Amount  of  Solar  Thertnal  Radiation. 

A.  Rillcr,  ( Wied.  AnnnUn,  1883,  No.  10),  esllmatea  the  solar  radlalioB 
nt  14.000  calories  per  square  metre  per  second.  Thia  ia  equivalent  ta 
3070100  foot-pounds  per  square  foot.  It  the  Sun  were  surrounded  with  u 
atmosphere  like  our  own,  but  of  superficial  density  pmportional  to  ili( 
gravitaiing  pressure,  the  pressure  would  be  about  430  pounds  per  squtn 
foot.  The  radiation,  therefore,  would  be  sufflcient  to  maintain  a  coosLsnl 
circulation  of  the  entire  atmosphere,  at  the  rale  of  9467  feet  per  secooi 
which  is  but  little  more  than  half  as  great  as  the  explosive  velocity  of 
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B,0  (Kote  S98),  about  1,GS  limes  the  molecnlnr  velocity  ofh}-drogi?n,  and 
ftbout  I  of  the  eqaaiorlal  velocity  of  Sun's  rotation.  All  of  these  relations 
of  an  order  or  magnitude  whicli  tends  to  confirm  [be  belief  tliat  solar 
ndEstfan  sad  gmvllnling  circulation  represent  equal  actions  and  reactions, 
ind  that  diseociallon  and  recombination  within  Bun's  pbolosphere  may 
BtinUin  lacninous,  thermal,  and  aclinic  Kthcreiil  oscillatione. 

803.     Comtlitry  Fugutt. 

Tlie  spectral  harmonies  in  Comet  Wells  (Notes  295,  3112).  na  wel!  sa  the 

pbnetarj  liarmonies  on  which  I  based  some  or  my  saccessful  predictiooH, 

(Nolei  33,  188,  S61,  etc.),  arc  of  tlic  nature  of  fugues,  or  harmonies  which 

bllov  each  other  at  certain  interval*  wliich  are  determined  by  rhylhniic 

Ifcwa.     Thu  principle  of  the  fugues  being  susceptible  of  indctlnile  exten- 

in  two  directions,  it  Is  not  strange  that  even  the  stars  should  hear 

jritoes*  to  it  (Notes  U.  40.  Bo,  111-5,  180  3.  1S4-5.  168,  S02}.     Among  the 

latn-modular  positions  which  bavo  vehfled  my  anticipations,  two  (Note 

tt]  lire  known  to  be  cometary;  two  represont  Iho  places  of  brilliant  boiiios 

which  were  seen  by  Wolson  and  Swift,   during  the  total  solar  eclipse  of 

I,  but  which,  baring  been  seen  by  no  subsequent  observer,   niuy  also 

been  cometary;  two  wore  deduced  from  s  comparison  of  plunct-Hke 

Itdowa  crossing  Sun's  surface,  and  one  from  sun-spots  of  various  forms. 

I  hire  ft  barmonic  pcrii>d;  aeveo  indicale  periods  which  are  in  strict 

nonlc  accordance  with  motions  of  our  stellar  system's  chief  centres,  of 

leAtion  (Sun),  of  condensation  (Earth),  and  of  nebulosity  (Jupiter). 

tiie  tndicatioDS  seem  somewhat  likely  to  be  cometary,  rather  than 

and  thua  conflrmalory  of  ncrschel's  theory  of  nebular  "sub- 

Itnce."     As  the  statements  of  these  confirmations  of  cosmical  harmonic 

Btlon  are  scattered  among  various  impcrs,  1  collect  Ihcm  here,  in  order 

ahow,  at  a  glance,  the  character  of  the  various  accordances. 
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Kirkwood 
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Solar  rotation,  v     = 
Earth's  day         ' 
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.0100 

Jupiter's  day 

.0074 

Solar  oacillBilon 

.0057 

Solar  "subsidence" 

.0047 

Sun's  surface 
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The  seven  loci  wliicb  represent  harmonies  of  nucleation,  condensation 
and  nebulosity,  illustrate  the  tendency  of  waves  in  elastic  media  to  nuin- 
tain  and  propagate  motions  which  are  harmonically  dependent  npon  their 
loci  of  origination. 

806.     Velocity  of  lneatide$cenee. 

Draper  found  that  all  solid  bodies  become  incandescent  at  the  same 
temperature,  reaching  red  heat  at  97'7^  F.,  or  at  the  absolute  temper- 
ature   of   14860.4  F.     This  indicates  a  lilt,  against  earth's  superficial 

gravitation,  of  *  =  14Slk.^  X  '2^72  =  1,108,901,  or  a  velocity  of  c  =  v^^ 
=  8485.9  feet  per  second.  The  mean  vdockf  of  hydrogen  molecules  is 
6050  feet,  which  is  .717  X  8485.9  feet.  The  velocity  of  incandeacence  is. 
therefore,  within  H  per  cent,  of  the  parabolic  orbital  velocity  which  woald 
correspond  to  a  circular  orbital  velocity  equivalent  to  the  molecal&r 
velocity  of  hydrogen,  (6050  x  i/2  =  8556).  In  other  words,  if  the  mean 
velocity  of  hydrogen,  at  the  standard  temperature,  is  a  mean  orbital 
velocity,  its  increase  to  a  velocity  of  infinite  projection  would  give  the 
velocity  of  incandescence,  or  the  velocity  which  creates  sethereal  disturb- 
ances of  sufficient  magnitude  to  cause  luminous  radiations.  These  dis- 
turbances are  of  the  same  order  of  magnitude  as  those  which  are  indicated 
in  Note  804,  and  they  furnish  new  reasons  for  believing  that  the  hypoth- 
eses ot  Siemens  and  Berthelot  (Note  278)  may  suffice  to  account  for  the 
conservation  of  energy  which  is  indicated  by  the  fundamental  equality, 
tJ^=i?g=i,^,  (Note  280). 

807.     Tails  of  Comets. 

Proctor  {Contemp,  Rev.,  Oct.  1882)  states  some  of  the  chief  difficultie'^ 
attending  the  attempts  which  have  been  made  to  explain  the  formation  o^ 
comets'  tails,  by  materials  thrown  off  from  the  nucleus  by  solar  repulsion^  -* 
by  actinic  clouds,  by  tactic  arrangement,  or  by  electricity,  and  speaks  c^ 
certain  phenomena  "which  force  upon  us  the  belief  that  they  are  ph«r 
nomena  of  repulsion,  though  the  repulsive  action  is  of  a  kind  not  ye 
known  to  physicists."    He  inclines,  with  Huggins,  and  *'an  Americacr^ 
astronomer"   whose  name  is  not  given,   to  attach  great  importance  \.C^ 
electric  action  or  something  of  a  similar  nature.     He  cites  the  notice  bj^li 
Huggins,  of  the  remarkable  persistence  of  meteoric  trains  in  the  rar^^ 
upper  atmosphere,  where  they  sometimes  last  for  more  than  three -quarter^s= 
of  an  hour.     The  evidences  of  repellent  action  such  as  might  be  explaim 
by  electricity,  of  gravitating  re-action,  of  luminous  radiation  from  the  sui 
in  the  direction  of  the  axis  of  the  tail,  and  of  a  general  curvature  of  th( 
extremity  of  the  tail  as  if  it  were  retarded  in  some  wav,  are  such  as  to — - 
need  consideration  in  any  attempts  at  explanation.     All  of  these  phenom- 
ena,  except  the  one  last  named,  may  be  correlated  by  the  fundamental^ 
equality  of  Note  280.     The  curvature  of  the  tails  may  be  due  to  persistence^ 
of  oscillation,  combined  with  oethereal  tendencies  to  orbital   motion  ii 
times  varying  as  r\.    The  extreme  tenuity  of  cometary  matter  points  to 
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relative  elasticity  which  is  much  greater  than  that  of  air,  and  which  must, 
therefore,  he  peculiarly  suhject  to  harmonic  oscillations;  the  waves  ot 
light,  like  auroral  flashes,  which  have  often  heen  seen  in  the  tails,  point 
to  electric,  phosphorescent,  and  luminous  rhythms;  the  frequent  inter- 
changes hetween  the  tail  and  the  nucleus,  as  well  as  the  rupturing  ex- 
plosions and  the  formation  of  nucleoli,  must  he  subject  to  the  laws  of 
phyllotactic  and  gravitating  rhythm;  if  the  SBther  is  material,  it  must  be 
infliuenced  by  rotational  and  orbital  tendencies,  even  if  its  elasticity  is  so 
great  as  to  prevent  actual  orbital  motion,  and  hence  the  "actinic  shadows*' 
may  be  curved. 

808.     Other  Cometary  Consideratums, 

Phyllotactic  distribution  in  organic  growth,  in  frost  tracery  and  other 
forms  of  crystallization,  and  in  satellite  or  planetary  groupings,  points  to 
a  continuance  of  tendency,  over  periods  which  are  proportional  to  the 
resistance  interposed  by  the  inertia  of  the  particles  or  masses  which 
partake  of  the  distribution.  When  the  inertia  is  very  small,  as  in  the 
sethcreal  interferences  to  which  spectral  lines  are  attributed,  the  adapta- 
tion to  requirements  of  ** extreme  and  mean  ratio"  may  be  nearly  or 
quite  instantaneous.  We  may,  therefore,  reasonably  look  for  evidences  of 
adaptation,  such  as  are  shown  in  Notes  295,  802  and  805,  as  well  as  for 
various  modifications  by  other  forms  or  kinds  of  harmonic  tendency. 
Refraction  of  energy  (Note  286),  and  Draper's  "latent  light,"  may  also 
contribute  to  the  curvature  of  tails,  in  a  medium  which  is  perhaps  more 
tenuous  than  the  "fourth  form  of  matter,"  and  which  imparts  sympathetic 
vibrations  to  the  adjacent  eether. 

809.     EffectB  of  Cometary  Eccentricity, 

The  tendencies  to  sethereal  rotation  and  revolution  about  stellar  centres 
may,  perhaps,  be  so  adjusted  to  other  oscillatory  tendencies  as  to  oppose 
little  or  no  resistance  to  planetary  motions  in  orbits  of  small  eccentricity. 
Most  of  the  cometary  orbits,  however,  are  so  eccentric  that  their  vis  vvca, 
at  every  stage  of  their  journey,  is  nearly  twice  as  great  as  it  would  be  if 
their  paths  were  circular.  Such  amount  of  living  force  is  more  than 
sufficient,  whenever  there  is  any  appreciable  resistance,  to  produce  and 
maintain  luminous  and  thermal  phenomena,  of  the  same  kind  as  occur  in 
the  explosive  combinations  of  gases.  The  orbital  energy  may  be  resolved 
into  two  rectangular  components,  one  of  which  passes  through  the  sun, 
while  the  other  is  tangential  to  the  path  of  the  revolving  eether.  The 
latter  may  adapt  itself  so  readily  to  the  eethereal  vortices  as  to  make  no 
disturbance;  the  former  being  perpendicular  to  the  eethereal  track,  must 
encounter  a  continual  resistance  and  retardation,  unless  it  is  compensated 
by  luminous,  electric,  gravitating,  or  other  kinetic  undulations. 

810.    Eccentricity  at  Mean  Centre  of  Inertia. 

The  fundamental  identity  (Note  280)  represents  a  uniform  velocity,  and 
we  may,  therefore,  look  for  evidences  of  primitive  photodynamic  influence 
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in  the  uniform  yelocities  of  important  cosmical  centres.    One  of  tlB^^ese 
evidences  is  found  in  the  proportion, 

In  this  proportion,  t^,  is  the  orbital  time  at  the  chief  centre  of  conde 
tion  (Earth) ;  t^,  the  orbital  time  at  the  centre  of  primitive  nebulosity  (— ^ 
piter) ;  T^  the  time  in  which  a  photodynamic  wave  would  traverse 
secular  eccentricity  at  the  primitive  centre  of  planetary  inertia  (Satu; 
T^  the  time  in  which  the  wave  would  traverse  Saturn's  semi-axis  ma 
The  accordance  is  shown  by  substituting  the  values,  which  give 
proportion, 

865.2564  :  4832.5848  :  :  .08481  :  1 

Stockweirs  estimate  of  Saturn's  secular  excentricity  is  .08488.  T^  and       -  T^ 
also  represent  tlie  comparative  living  forces  which  would  project  a  plarn^      let, 
against  uniform  resistance,  through  the  distances  traversed  by  the  res] 
tive  photodynamic  waves. 

311.    Harmonies  of  Terrestrial  Aeeeleration, 

The  cyclic  oscillations  at  the  chief  centres  of  condensation  and  nebul< 
would  tend  to  produce  corresponding  accelerations  through  the  actio 
central  forces.    An  important  harmony,  which  introduces  the  vis  w>a 
acceleration,  is  shown  in  the  proportion, 

In  this  proportion,  a^  is  the  rotary  acceleration  which  Earth  has  und         ^^ 

gone  according  to  the  nebular  hypothesis;  a^,  the  acceleration  accordi ^S 

to  Herschel's  theory  of  "subsidence;  "  t^  and  f,  have  the  same  values 

in  the  foregoing  note.    The  value  of  a^  is  f  866.2564  -5-  2;:  J- V  = 

^   __  86164.1  sec.  -h  2;:^/-  ^=  16.983.     Substituting  these  values  we  ge 

338. 22«  :  16.983'  :  :  396.62  :  1 
396.62    :  366.2564  :  :  1.0829  :  1 

^a  +  ^fi  '  ^a  '  '  1-0843  :  1 
This  harmony  furnishes  additional  grounds  for  rejecting  Delauna)  ""^^B  * 
hypothesis  of  terrestrial  retardation  by  tidal  friction. 

312.     Earth* 8  Accelerated  Rotation, 

I  have  already  referred  to  the  inconsistency  of  Delaunay's  views  wit^"  ^un 

the  nebular  hypothesis.     According  to  the  form  of  that  hypothesis  wlxicf^:^^  ^^ 

was  taught  by  Laplace,  at  the  time  of  nebular  rupture  tlie  day  and  jes^^'^^^ 

&t 


as 


should  have  been  sychronous.     In  order  to  establish  such  sychronism 

the  present  time,  Earth's  radius  would  need  to  be  expanded  (/366.25 
=  19.138)  times,  and  Laplace's  terrestrial  limit  would  be 


;s65 


f  1  year  -t-  3;r\^  Vr,  or  338.218r. 
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I  represents  a  eompurntlve  accelemlion  of  tbe  velocity  of  rotation 
bich  ma;  be  very  closely  repreHeoied  by  ihe  quoUeni  of  [Jupiter's  year 
£nrth'«  year)  liy  (ilie  «nm  of  Jupiter's  and  Earth's  years  x  Earth's 
.  or  by  4JI33.M4a213  X  3aS.85«35S3  -^  (4332.584X313  +  g65.25fia'i83) 
:S3a.858.  As  this  cqualton  introduces  conslderalions  of  the  chief  cen- 
R  of  nucleation,  nebulosity  Ann  condensation  which  must  still  be  effl- 
)nt,  it  furnishes  another  reason  for  caution  in  dogmatizing  about  lidal 
Ictioa  and  thermodynaniic  laws. 

313.  Joint  RtUition*  of  Sun,  Jupiter.  Enrth  and  Venat. 
A  snccession  of  Important  harmonic  motions  is  shown  in  the  relations 
solar  moss  and  density,  which  make  gJt^^t/^:  the  relation  of  Sun'i 
s  to  Jupiter's  mass  which  makes  Sun's  surface  the  projectile  locus,  or 
liar  perihelion  centre  of  gravity,  ot  Sun  and  Jupiter;  the  relations  of 
Mtrial  mass  ami  density  which  make  g,ti  =  circular  orbital  vcliKity 
he  mean  centre  of  gravity  of  Sun  and  Jupiter;  and  Ihe  relation  of 
Earth  which  makes  the  incipient  orbital  e^  «ttNi  of  Venus  {M 
liar  apheHoiO  equal  to  Earth's  mean  orbital  ei*  vita.  II  we  adopt  the 
Itish  Nautical  Almanac  estimate  of  Sun's  apparent  semi-diameter 
l-"88>,  the  accordance  of  harmonic  and  computed  values  will  be  as 

HnrmnnlCi  Computed,  Anthoili;, 

Sun  -*-  Venus  427326  427340  Hill. 

■■    "  Earth  3304U3  3317Til  (Oscillatory) 

■■     '•  Jupiter  1047.eTtt  1047.879  Besscl. 

Eartfa'asemioxis  major,  92,ISai.G0O. 

814.     Joint  Rtlaiion*  qf  San,  Jupiter.  Earth  and  Saturn. 

iLlexander's  harmony  ("h^'  —  ""i*^')  is  rendered  more  significant  by 
urn'a  orbital  situation  at  the  nebular  centre  of  planetary  inertia, 
BmI* -*- i'M)i  ^=/i,.  The  slight  deviation  from  eiact  accordance  is 
y  nearly,  if  not  precisely  compensated  by  the  equation.  Sun  X  Earth 
Baturn  ^  Jupiter*.  Alexander's  approximation  gives,  in,  =  3323. 
tn,;  the  other  approximation  gives,  according  to  the  foregoing  note, 
n  8481.86;  the  arithmetical  mean  being  m„  =  3S03.1,  which 
t  by  loss  than  ^  of  one  per  cent,  from  Bessel's  estimnle.  If 
■pt  represent  Stockwell's  estimates  of  the  mean  perihelia  of  Jupiter 
I  Saturn,  Bessel's  estimates  of  their  respective  musses,  and  the  equation 
0-*- Jupiter)  X  (Eanli -i- Jupiter)  =  (^, -^^,,)',  give  Ht„ -;-  «i,  = 
MO;  The  harmonic  accordances  which  were  given  In  Note  310  cor- 
wnte  these  evidences  of  joint  relnlions,  and  encourage  a  search  for 
liUOcatlonfl  by  combined  harmonii^  In  other  ca«es. 

810,    Pliotodynainie  Rtlatiant  of  Vrt^tm*  and  Neptanr.. 
iCreasing  number  of  harmonic  influences  with  increasing  distance 
1,  wiis  ilhtHlnilcd  in  my  Rrlatiimi  of  itati,  {Pror.  A.  P.  S..  xviii, 
I.  AUER.  PHiLos.  soc.  XX.  113.  8t.    priktbd  uarch  12,  1SS3. 
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231),  and  in  Note  156.    A  connection  in  which  the  harmonies  of  luminous 
undulation  are  more  directly  shown,  gives  the  following  relations: 

^7'  :  ^5*  :  :  1  year  :  1  day 

Stockwell's  estimates  of  p^  and  dj  (secular  ijerihelion  and  secular 
aphelion  of  Uranus)  are  17.687929  and  20.679233.  The  closeness  of 
harmonic  accordance  is  shown  in  the  following  comparison,  in  which 
I  have  used  Struve's  constant  of  aberration  and  the  estimates  of  Note 
313. 

VelocHy  of  light  .43073r^  .48077r^  Struve. 

Semi-axis  major  of  Uranus      19.184^3  19.138^,  Stockwell 

Sun  -f-  Uranus  22592         22600  ±  100      Newcomb. 

'*     «'  Neptune  19324  19380  ±  70       Newcomb. 

The  division  of  the  outer  planetary  belt  is,  therefore,  such  that  the 
aphelion  mass  is  in  accordance  with  aphelion  influence  at  the  inner  portion 
of  the  belt,  while  the  ijerihelion  mass  is  in  accordance  with  perihelion 
influence.  The  further  considerations  of  Note  156  add  to  the  interest  of 
this  relationship. 

316.     Joint  Relations  of  Sun,  Earthy  Venus  and  Moon. 

The  three  foregoing  notes  seem  to  show  that  the  harmonic  influence  of 
the  chief  centre  of  condensation  (Earth)  upon  planetary  masses,  has  been 
greater  than  that  of  the  centre  of  nebulosity  (Jupiter).  We  may,  there- 
fore, naturally  look  for  additional  illustrations  of  terrestrial  influence  with- 
in the  dense  belt,  such  as  are  given  in  Notes  8,  80,  156,  246-7,  254-6,  313. 
The  estimate  of  /z,  in  Note  246,  would  become  1  -r-  81.08  if  we  adopt  the 
value  of  ^3,  whicli  is  given  in  Note  313.  This  value,  if  substituted  in  Note 
8,  would  give  4.952  miles  for  the  height  of  Earth's  homogeneous  atmos- 
phere, through  the  j^roportion 

::'  X  81.08  :  1   :  :  rg  :  .0012496r,  :  :  3962.8  :  4.952 

The  harmonies  of  Note  85  may  well  be  studied  in  this  connection. 
Stockwell's  value  for  the  secular  perigee  of  Venus  is  .9322648/>s  — .7744234/>, 
=  .1578414  p.,  =  14,625,840  miles  =  1.0252  X  (3  X  4  X  5)  '  X  3962.8 
miles.  The  solar  modulus  of  light,  according  to  the  same  estimates,  ^ 
2213.37/>.  z^  1.00073  X  4  x  (3  X  4  X  5)^^. 

317.     The  November  Meteors. 

The  relations  which  were  pointed  out  in  Note  315  ma}'  be  supplementea 
by  cometary  indications  of  a  character  somewhat  like  those  which  1^^ 
Forbes  to  his  deduction  of  two  supra-Neptunian  loci  (Notes  32,  805).  The 
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secular  aphelion  of  Uranu8,  or  its  locus  of  incipient  subsidence  (20.679233), 
represents  a  cometary  major  axis  with  a  period  of  33.2478  years.  The 
period  of  the  great  "star-shower*'  of  November  1833  and  1866  has  been 
computed  at  "about  33.25  years."  A  similar  cometary  major  axis 
(20.7072688),  with  a  period  of  33.315  years,  would  exactly  represent,  by 
its  apsidal  loci,  the  mean  positions  of  Mars  and  Uranus.  The  special 
photodynamic  indications  of  the  first  equation  in  Note  315,  may  be  fairly 
presumed  to  have  exerted  an  influence  on  each  side  of  the  central  track, 
which  would  be  sufficient  to  account  for  all  ot  the  approximations  that 
have  been  indicated. 

318.     Geological  Time. 

Dr.  Haughton  (Am.  Journ.  Sci.,  Nov.  1882)  read  before  the  American 
Association,  in  August,  1882,  some  "New  views  of  Mr,  George  H. 
Darwin's  Theory  of  the  Evolution  of  the  Earth-Moon  System,  considered 
as  to  its  bearing  on  the  question  of  the  duration  of  (Geological  time.  *'  He 
cites  Sir  William  Thopason's  views  as  to  the  present  rigidity  of  the  earth, 
the  probability  that  Saturn's  rings  consist  of  swarms  of  discrete  meteoric 
stones,  the  low  specific  gravity  of  the  outer  planets,  the  recent  researches 
connecting  the  periodic  swarms  of  shooting  stars  with  comets,  Huggins's 
comparisons  of  the  spectroscopic  appearances  of  comets  and  incandescent 
portions  of  meteoric  stones,  and  Prof.  H.  A.  Newton's  hypothesis  that  the 
asteroids  maybe  extinct  comets,  to  justify  the  position  "  that  the  earth 
and  moon  when  they  separated  from  the  solar  nebula,  did  so  as  a  swarm 
ot  solid  meteoric  stones,  each  of  them  having  the  temperature  of  inter- 
stellar space."  He  then  shows  that  the  meteoric  problem  resembles  the 
hydrodynamical  problem,  giving  equations  "in  all  respects  similar  to 
those  derived  by  Mr.  Darwin,  from  the  hypothesis  of  a  viscous  earth" 
and  placing  "a  cool  earth  and  almost  indefinite  time  at  the  disposal  of 
geologists."  These  views  are  in  accordance  with  Herschel's  theory  ot 
subsidence,  which  I  have  found  so  abundantly  illustrated  by  the  actions 
and  reactions  of  gravitation  and  sethereal  elasticity  (/Voc.  A.  P.  S.»  ix. 
283-8,  340-9,  355-60;  x,  261-9.  368-79;  xi,  103-7;  xii,  392-417,  518-22; 
xvi,  184-92;  xvii,  294-307,  et  at).  Dr.  Haughton  refers  to  Prof.  Newton's 
application  of  the  same  theory  to  account  for  the  asteroids  and  some  of 
the  satellites,  but  he  has  made  no  allowance  for  the  modifications  of 
planetary  and  satellite  arrangements  which  would  result  from  harmonic 
motion. 

319.     The  Key-Note  of  Nature, 

GtLrdineT9ay8(3fit8ie  of  Nature,  2d,Ed.  p.  417):  "In  the  fifteenth  century, 
music  was  generally  written  in  the  key  of  F,  and  its  relative  D  minor. 
This  order  of  sounds  was  first  adopted,  probably  on  account  of  its  being 
the  most  familiar  to  the  ear,  as  it  will  be  seen  that  the  cries  of  animals,  the 
buzzing  of  insects,  the  roar  of  storms,  the  murmurs  of  the  brool?,  and 
some  of  the  grandest  sounds  of  the  natural  world,  are  to  be  referred  to  this 
harmony  and  maybe  denominated  The  Key  of  Nature,**    In  1873,  (iVod. 
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A.  P.  S.,  xiii.  151).  I  showed  the  accordance  between  the  wnrc  kngtb  of 
the  prlncipftl  Fnuenliofer  lines  and  of  the  homi>n;iuous  uolM  of  ibt 
twenty -third  mosical  octave,  the  greatest  diffetence  being  3f  per  mmiL.  aivl 
the  clogest  approximation  being  at  F,  where  the  dtfTerecce  Is  leM  tlian  I  ot 
one  per  cent.  In  the  arithmetical  mean,  the  difference  is  less  than  I  of  on 
pel-  cent. ;  in  the  geometrical  mean  Ihe  accoidance  ii  exact-  Laogley.  in 
a  communtcntion  to  tlie  Brittnh  Associatioo,  at  Southampton,  reported 
cxpeiimcnis  which  show  a  fundamental  sol&r  "tint  which  mu&t  ■ppraxi> 
nmtelj  represent  that  at  the  photosphere,  and  which  is  most  similiarlo 
that  of  a  hue  near  Frauenhofer's  F."  (Am,  Jour.  Set.,  Nov.  1SS2).  Sn 
also  Notes  41,  43,  335. 

820.     Limit  of  Thermal  Veloeily. 

In  Notes  SS,  61,  63  and  103  I  introduced  some  thermodynamic  contidtt' 
alioas  which  were  based  on  inlerstcllar  pholodynnmic  inBuence.  In  April 
1865,  (Proe..  A.  P.  S.,  x,  101)  I  called  attention  to  the  ftici  that  -ewa 
the  thermul  currenis  are  ocraaioned  simply  and  solely  by  the  virylBg 
grayjiatioQ  of  ttiiids  of  varying  density."  and  in  nearly  all  my  pbyika) 
papers  I  have  been  guided  by  the  belief  that  all  ultimate  ebcrgy  li  nidlMt 
from  or  toward  kinetic  centres,  the  various  forms.  (lumioous,  IhenuL 
electric  gravitating,  etc.)  being  merely  due  lo  subordinate  modMntinai 
of  primitive  tadiatioas.  Tlie  simultaneous  radiation  of  light  and  bra! 
from  Uie  Sun,  the  "Thomson  Eflcc'f  (sec  Am.  Jour.  S-i.,  iiiv.  37»-«), 
and  the  phenomena  of  the rmo- electricity,  furnish  strong  a  priori  ground) 
for  believing  that  tlie  limit  ot  thermal  velocity,  f^  is  the  same  as  (lie  limii 
of  luminous  velocity,  d^. 

331.    Ezteniion  of  Fundamental  Equality. 

In  tlirowing  a  tnil  into  the  air,  the  thermal  equivalent  of  the  projKtiJf 
force  is  equal  to  the  product  of  the  mass  by  Ihe  sum  of  the  retardstioD! 
which  result  from  gravitating  influence,  atmospheric  resistance  and  til 
other  opposing  circumstances.  In  sotar  rotation,  all  the  solar  superBdal 
p;ir1ic1es  arc  alternately  projected  from  and  drawn  towards  ibe  ehict 
centre  o(  gravity  of  the  system,  in  cyclical  periods  of  half- rotation.  TIk 
tliermni  ei|uiva!ont  of  this  projection  represents  liie  whole  work  of  grariit 
for llie  time,     ^   ,  and  the  corresponding  velocity,  e^  is  eqiiivalenl  lolhe 

velocity  of  liglit.  This  gives  the  following  extension  of  the  eqoatioii  in 
Note  280: 

The  combinatioQ  of  centripetal  and  centrifugal  tendencies  which  prcdnct* 
solenoi<ial  terrestrial  currents  (Note  374),  may,  perhaps,  suggest  cooadcr- 
ations  which  will  be  serviceable  in  general  electrical  research,  and  to  ImJ 
to  important  developments  of  this  fundamouEal  equation. 
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822.    Disturbed  Attraction. 

R.  Lamont  {Jour,  of  Science^  Oct.  1882),  says,  "If  we  disturb  the  at- 
traction which  holds  together  the  atoms  of  a  chemical  compound,  whether 
it  be  in  the  solid,  the  liquid,  or  the  pcaseous  state,  we  have  this  same  ema- 
nation of  light  and  heat.  If,  then,  these  great  effects  can  be  produced  in 
our  laboratories,  what  must  result  in  our  solar  system  from  the  continual 
struggle  between  attraction  and  centrifugal  force?"  I  attacked  the  view 
that  weight  can  be  predicated  of  bodies  at  rest,  as  early  as  1864  (Proc.  Am. 
PhU.  Soc,  ix.  357),  and  in  February,  1868,  I  gave  a  summary  of  various 
phenomena  which  may  be  simply  coordinated  by  the  theory  that  motion f 
rather  than  rest,  is  the  natural  state  of  matter  (Proc.  Am.  PhU.  Soc,  x, 
877-9;.  Although  similar  views  had  often  been  advocated  by  others,  no 
attempt  seems  to  have  been  made  to  confirm  them  by  numerical  measure- 
ments, prior  to  my  investigations,  which  began  in  1863  (op.  cit.,  ix,  283-8). 

323.  Lunar  Barometric  Tides. 

The  correlations  of  gravitating  and  magnetic  tides  (Notes  116-22),  lend 
interest  to  Bergsma's  observations  of  the  lunar  atmospheric  tide  at  Bata via, 
1866-80  (See  Nature,  Nov.  23,  1882,  p.  79),  a  tide  which  appears  to  have 
been  first  observed  by  Luke  Howard,  in  London.  Assuming  the  lunar 
day  to  begin  at  the  Moon's  upper  transit,  the  following  are  the  phases 

above  or  below  the  mean,  expressed  in  millimetres  : — 

mm. 
1st  max.  +  .057  at  lunar  hour   1 

Istmin.  —.053  "  "  7 

2d  max.  +  .064  "  "         13 

2d  min.  —.060  "  '*  19 

Buchan's  isobar  of  29.0  in.  =  759.45  mm.  passes  through  the  Malayan 
Archipelago.  This  is  6491  times  the  mean  range  (.117)  of  lunar  disturb- 
ance, which  is  much  greater  than  can  be  explained  by  simple  gravitating 
tide.    It  is,  however,  in  simple  harmonic  relation  to  the  square  of  the  mass. 

If  wi3»  :  ;i»  :  :  6491  : 1,  m,  =  80.56/1. 

324.    Lunar- Tidal  RaiT\f all  at  Batavia. 

**The  influence  of  the  moon's  phases  on  the  rainfall  [atBatavia]  is  quite 
decided  ;  for  while  the  mean  daily  rainfall  is  .205  in.,  it  rises  at  full  moon 
to  .248  in.,  from  which  time  it  gradually  falls  to  .181  in.  at  the  third  octant, 
rises  to  .212  in.  at  the  fourth  octant,  then  falls  to  .184  in.  at  the  fifth  octant, 
and  finally  rises  gradually  to  the  maximum  at  the  time  of  new  moon.  The 
important  conclusion  follows  that  the  attractive  influence  of  the  moon,  and 
consequently  that  of  the  sun,  must  be  taken  into  account  as  factors  con- 
cerned in  bringing  about  oscillations  ot  the  barometer."  These  evidences 
of  lunar-tidal  influence  upon  rainfall  are  greater  than  those  which  I  found 
at  Philadelphia  (Proc.  Am.  Phil  Soe,,  x,  523-37),  about  the  same  as  at 
Barbadoes  {lb.,  xiv,  195-216),  but  less  strongly  marked  than  at  Lisboa 
(lb.,  xii,  178-90),  and  at  San  Francisco  (lb.,  xii,  623-42). 
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325.     The  Neptuno-Uranian  Belt. 

All  the  proposed  forms  of  the  nebular  hypothesis  seem  to  require  evi- 
dences of  retrograde  motion,  such  as  are  shown  by  the  outer  planets  of 
our  system.  The  successive  harmonic  influences  of  central  condensation, 
conversion  of  orbital  into  rotary  motion,  incipient  projection  and  incipient 
subsidence  are  shown  by  the  proportions  which  were  given  in  Note  315. 
If  we  take  the  oscillatory  estimate,  m^  =  (2  x  3  x  4)*  wi,.  instead  of  the 
estimate  in  Note  313,  we  get  m^  =  22Q6Qnij  =  19S19m^ ;  p^  =19.138^. 
Newcomb's  mass  estimates  are  m^  =  (22600  d=  100)m7  =  (19380  ±  70)% 
The  observed  value  of  p^  is  19.184^,,  which  is  about  J  of  one  per  cent. 
greater  than  the  harmonic  value. 

326.     Terrestrial  Magnetic  VU  Viva, 

Equation  (1)  of  Note  91  may  be  modified  by  regarding  v^  as  a  mean 
proportional  between  Earth's  mean  orbital  velocity  and  the  velocity  of 
light,  and  substituting  the  mass  of  the  Telluric  system,  m^,  for  Earth's 
mass.    We  then  have, 

substituting  tj^  =  ^,  -j-  497.827 ;  d,  =  2kpz  -f-  31558149 ;  m^  =  1047.879/»j*' 
we  get  W5  =  311.672m^;  m^  =  326594w  ,  which  differs  by  about  i  of  one 
per  cent,  from  the  magnetic  estimate  of  Note  2  (327710).    The  identity  ^^ 
the  velocity  of  electito-magnetic  disturbance   {Maxwell,   Electricity    ^^ 
Magnetism,  §  784)  with  the  velocity  of  light,  lends  interest  to  this  appr*^^^^' 
mate  coincidence.     If  we  estimate  m^  =  81.08/x,  these  two  values  of       '^< 

give 

82  08 
m^  =  g^'^g  X  826594^3  =  330022^^  ;  p^  =  92678000  miles. 

82  08 
m^  =  yj(jg  X  327710W,  =  331752^3 ;  ^,  =  92783400       " 

The  hitter  estimate  of  ^,  differs  by  less  than  ;j^^  of  one  per  cent,  from 
value  which  is  indicated  by  centres  of  nodal  oscillation  (Note  91). 

327.     Cosmic  and  Chemical  Harmonic  Motions. 

A  harmony  which  involves  considerations  of  the  conversion  of  or 
into  rotary  velocity,  projectile  vis  viva,  inertia  of  central  condensat 
and  energy  of  chemical  combination,  is  shown  in  the  proportion 

pa'ro''9a'ffo''  V  •  ^' 
in  which  ^>^  =^  Earth's  primitive  locus  of  orbital  projection,  or  seen 
perihelion  (Stockwell's  estimate  of  secular  eccentricity  and  the  Brit.  Na*" 
Aim.  estimate  of  Sun's  apparent  semi-diameter  give  ^^  =200.385/jJ; 
=  mutual  gravitating  accclemtion  of  two  equal  particles  at  distance  h  ; 
=  like  acceleration  at  distance  r^;  h  =  theoretical  height  of  seconda 
centre  of  oscillation  in  explosive  combination  (Note  16).     Solving  the  p 
portion,  we  get,  h  =  279.943  miles  ;  ^3  =  92739000  miles ;  m^  =  331280fr-^ 
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828.     Comparison  of  Harmonic  Maas-EBtimaies. 

The  estimates  of  planetary  mass  in  Notes  313-5  are,  in  some  respects, 

more  simple  than  those  in  Note  156.    This  is  especially  ths  case  with 

Uranus  and  Neptune. 

Note  1S6. 

427630 

331668 

1047.879 

8503.22 

22602 

19392 

The  relations  of  mass,  density,  and  time,  at  the  stellar  centre  of  the 
system,  are  determined  by  the  velocity  of  light ;  those  at  the  chief  nebular 
centre  are  influenced  by  the  first  harmony  ;  those  at  the  chief  centre  of 
condensation  introduce  the  two  preceding  harmonies  ;  those  at  the  centre 
of  planetary  inertia  show  the  combined  influence  of  luminous  undulation, 
nucleation,  nebulosity  and  condensation.  Venus  and  Uranus  are  rhyth- 
mically influenced  by  the  chief  centres  of  nucleation  and  condensation  ; 
Neptune  is  similarly  influenced,  though  less  directly,  through  its  belt- 
connections  with  Uranus. 


Sun  -i-  Venus. 
Sun  -i-  Earth, 
Sun  -t-  Jupiter, 
Sun  -H  Saturn, 
Sun  -J-  Uranus, 
Sun  -J-  Neptune 


Notes  313-5. 

Computed. 

427326 

427240 

330463 

331776 

1047.879 

1047.879 

3502.1 

3501.6 

22592 

22600 

19324 

19380 

829.     Comparative  Harmonic  Estimates  of  Earth* s  Mass, 

In  Note  15  I  gave  a  summary  of  eighteen  kinetic  estimates  of  Earth's 
gemi-axis  major,  giving  the  mean  value,  p^  =  92737100  miles.  Subse- 
quent harmonic  estimates,  introducing  various  nodal  influences  which  must 
be  obviously  operative,  furnish  data  lor  the  following  comparisons : — 


Sun  -i-  Earth. 

/)ji. 

Chemical  energy, 

Note 

16 

331631 

92.772,200  miles. 

Oscillatory      ** 

"  23,  91 

331776 

92,7a5,700      " 

Inertia 

<< 

152 

331890 

92,796,800      •' 

Rotating  energy. 

<< 

813 

330463 

92,661,600      '* 

Luminous        ** 

it 

326 

330622 

92,678.000      " 

Magnetic         ** 

tt 

326 

331752 

92,783,400      " 

Gravitating     '* 

t* 

327 

331280 

92,739,000      " 

The  mean  values  are  ! 

331345 

±  137,  and  92,745,200  =b  12900.    Th 

value  differs  by  less  than  j  J ^  of  one  per  cent,  from  the  one  given  in  Note  15. 

330.     Nodal  Infimnce  of  Jupiter. 

The  joint  influence  of  Sun  and  Jupiter  which  was  shown  in  Note  328, 
may  be  further  illustrated  by  various  nodal  relations  of  planetary  apsides. 
I  indicated  the  importance  of  harmonic  motion  in  determining  apsidal 
positions,  in  a  communication  to  the  American  Philosophical  Society,  April 
2.  1869,  more  than  eight  years  before  Professor  Stephen  Alexander  called 
the  attention  of  the  National  Academy  to  the  subject  {Proc.  Am.  Phil.  Soe,, 
xi,  lOS-7;  xii,  408-7,  412,  520 ;  xiii,  146,  196  (11);  xiv,  635 ;  etc.). 
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a-  Jupiter's  locus  of  incipient  subsidence  (secular  aphelion),  is  nearly 
a  mean  proportional  between  Neptune's  locus  of  incipient  subsidence  and 
Earth's  semi-axis  major. 

^.  Jupiter's  mean  subsidence-locus  (mean  aphelion)  is  nearly  a  mean 
proportional  between  Neptune's  locus  of  incipient  subsidence  and  Earth's 
mean  projectile  locus  (mean  perihelion). 

y.  Jupiter's  mean  subsidence-locus  is  nearly  a  mean  proportional  be- 
tween the  semi  axes  major  of  Mars  find  Uranus. 

5.  Jupiter's  semi-axis  major  is  nearly  a  mean  proportional  between  the 
mean  projectile  locus  of  Mars  and  the  semi-axis  major  of  Uranus. 

f.  Jupiter's  semi  axis  major  is  nearly  a  mean  proportional  between  the 
incipient  subsidence  locus  of  Uranus  and  the  incipient  projectile  locus 
(secular  perihelion)  of  Mars. 

f .  Jupiter's  mean  projectile  locus  is  nearly  a  mean  proportional  between 
the  incipient  projectile-locus  of  Uranus  and  the  mean  projectile  locus  of 
Mars. 

Tj.  All  of  Jupiter's  orbital  loci  are  at  centres  of  explosive  oscillation  (4) 
of  orbital  loci  of  Saturn. 

0.  Jupiter's  mean  subsidence-locus  is  at  the  nucleal  locus  of  a  cond^^** 
ing  nebula,  of  which  Saturn  represents  Laplace's  atmospheric  limit  ^^^ 
Earth  is  the  centre  of  condensation  ;  Earth's  semi  axis  major  being    ^^ 
unit  radius,  and  Laplace's  limit  varying  as  the  J  power  of  the  nuc5^^ 
radius.    Accordances  r^  and  0,  which  are  the  closest  of  all,  are  especl^^^- 
interesting  on  account  of  the  variety  of  indications  wh'ch  they  give  ot*     ^  , 
harmonic  influence  of  luminous  undulations  upon  the  four  great  centr^^ 
nucleation,  condensation,  nebulosity  and  planetary  inertia. 

The  following  table  shows  the  closeness  of  agreement  between  the 
monic  values  and  Stockwell's. 


sot 


Harmonic  log. 

Stockwell. 

Dlf.  of  logrs. 

Percentasre  of  difference 

a        .7419330 

.7418817 

.0000513 

l"lOf 

one 

percent. 

/9        .7344514 

.7345879 

.0001365 

ix 

i< 

y       .7329514 

.7345879 

.0016365 

f 

it 

d       .7150274 

.7162369 

.0012095 

1 

(1 

e        .7105515 

.7162369 

.0003146 

tV 

<( 

f       .6974010 

.6970763 

.0003247 

I^T 

it 

>?        

.0000000 

0 

tt 

0       .7346221 

.7345879 

.0000342 

lb 

<f 

See  also,  Note  334. 

331.     Photodynamic  Significance  of  the  Temperature  of  Space. 

Sir  John  Herschel  estimated  the  absolute  temperature  of  interstellar  s 
as  about  one-half  as  great  as  Earth's  mean  superficial  absolute  temperatu 
If  the  former  tcmperalurc  is  due  to  stellar  radiations,  every  star  must  ha 
opposite  hemispheres  which  are  exposed  to  different  temperatures,  as  w 
as  to  different  gravitating  tendencies.  The  fundamental  equation  ot 
locity  (Note  321),  may  be  fairly  presumed  to  be  universal,  so  that 
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Stellar  rotations  may  accord  with  solar  rotation  in  alternately  consuming 
and  resuming,  at  alternate  half-rotations,  the  photodynamic  energy  of  all 
the  superficial  particles.  At  the  outer  limits  of  our  eethereal  system,  the 
aether,  if  material,  should  rotate  with  the  stars,  so  as  to  radiate  and  absorb 
heat  like  an  ordinary  atmosphere.  A  full  discussion  of  conservation  of 
energy  in  the  several  stellar  systems,  requires  the  consideration  of  time  in- 
tegrals of  various  kinds,  gravitating,  thermal,  photic,  rotating  and  re- 
volving. Continual  shiftings  of  position  may,  perhaps,  continually  restore 
to  cosmical  centres  a  reactionary  vis  viva  which  is  exactly  equivalent  to 
their  active  radiations. 

832.    Him*B  Hypothesis, 

G.  A.  Him  (Comptes  Rendtts,  Nov.  6,  1882),  agrees  with  Faye  in  be- 
lieving that  astronomers  need  an  absolute  vacuum  of  matter  in  order  to 
assure  the  stability  of  cosmical  movements.  He  thinks  that  the  doctrine 
mast  be  discarded  which  excludes  from  the  physical  universe  everything 
but  matter  and  motion,  and  refers  approvingly  to  Newton's  letter  to 
Bentley,  implying  the  necessity  of  a  constant  spiritual  activity,  which  can- 
not be  subjected  to  any  materialistic  formulation.  Seven  years  ago  (Proc, 
Am.  PhU.  Soc.f  xiv,  611,  xvi,  302)  I  published  a  number  of  postulates, 
among  which  were  the  following  : 

"11.  Any  oBthereal  medium  through  which  impulses  are  progressively 
transmitted,  must  be  material. 

**12.  Any  medium  through  which  impulses  are  transmitted  instantane- 
ously, must  be  devoid  of  inertia  and,  therefore,  spiritual." 

333.    Laplace's  Principle  of  Bsriodicity, 

I  have  elsewhere  (Proc.  Am.  PhU.  Sac,  xviii,  41-3).  given  some  illustra- 
trations  of  the  general  principle,  which  was  established  by  Laplace,  that 
the  state  of  a  system  of  bodies  becomes  periodic  when  the  effort  of  prim- 
Stive  conditions  of  movement  has  disappeared  by  the  action  of  resistances. 
The  periodicity  of  solar  rotation  shows  the  action  of  gravitating  resistance 
against  the  efforts  of  luminous  undulation.     The  resistance  is  just  as  con- 
stant as  the  radiation,  and  it  would  be  far  to  seek  any  good  reason  why 
jiny  provision  for  perpetuity  which  may  be  needful  should  not  accompany 
«very  effort  and  every  antagonizing  resistance.  If  spiritual  intervention  is 
'taken  into  consideration,  its  action  may  be  merely  directive,  because  there 
is  a  theoretical  instant  of  absolute  rest  when  one  oscillation  ends  and  its 
successor  begins,  so  that  there  is  no  material  vis  viva  to  be  overcome. 

334.     Two 'Fold  Nucleation  in  the  Dense-Belt. 

Jupiier's  nodal  influence  (Note  331),  co-operating  with  central  condensa- 
n  in  the  dense -belt,  is  shown  in  the  following  additional  harmonies  : 
r-   Jupiter's  semi-axis  major  represents  Laplace's  limit  for  its  own  con- 
nsing  nebula,  of  which  the  nucleal  limit  is  the  locus  of  incipient  subsi- 
nee  of  Mars. 

I*KOC.  AM£B.  PHILOS.  SCO.  XX.  113.  8u.     PJ  '  12,  1888. 


Chase.] 


580 


[Jan.  19, 


jr.  In  tendencies  to  reverse  condensation  towards  Jupiter,  Earth's  meaa 
locus  of  subsidence  Is  4.1289304^,  from  Jupiter's  mean  locos.  This  repre- 
sents a  nucleal  radius  for  which  Laplace's  limit  would  be  6.70965^$,  which 
is  near  the  mean  locus  of  Mars  on  the  opposite  side  of  Sun. 

A.  In  like  reverse  condensation,  the  mean  locus  of  Mars,  when  in  con- 
junction with  Jupiter,  represents  a  nucleal  radius  for  which  Laplace's 
limit  would  be  5.67968/i„  which  is  near  Mercury's  incipient  locus  of  subsi- 
dence. 

fi.  Taking  Mercury's  mean  subsidence  locus  as  final  or  unit  radius, 
Venus  represents  a  nucleal  radius,  for  which  Earth's  projectile  locus  would 
be  Laplace's  limit. 

The  closeness  of  accordance  is  shown  in  the  following  table  : 

PercentAge  of 
Stockwell.        Difference.        difference. 

1.73648 

1.52868 

.47680 

.98226 

For  further  evidences  of  nucleal  and  atmospheric  limitations,  see  Pfo^ 
Am,  Phil  Soc,  xvi,  496-505. 


t 

K 

X 


Harmonic. 

1.75789 

1.50685 

.47688 

.98313 


.02141 

1^  per  cent 

.01683 

U  "  " 

.00008 

A  "  " 

.00087 

A  "  " 

335.  Another  Harmonic  Estimate  of  Saturn* 8  Mass. 

It  cannot  reasonably  be  expected,  among  all  the  different  tendencies  to 
harmonic  motion,  that  we  can  immediately  find  all  which  have  been 
operative  in  any  given  case.     In  view  of  the  small  amount  of  work  which 
has  been  done  in  tliis  field,  such  simplicity  and  closeness  of  agreements 
were  shown  in  Notes  329-31  and  334  are  very  encouraging,     We  have 
already  found  many  evidences  of  reciprocal  or  retrograde  action  in  ^® 
Neptuuo-Uranian  belt,  of  central  planetary  inertia  in  the  Saturnian  ^^^^ 
and  of  Jupiter's  paramount  planetary  influence.     If  we  regard  all  of  ^^ 
dense  belt  of  planets  as  originally  belonging  to  the  great  central  nuci^^*" 
Alexander's  harmony,  m-^  p^  ==  m^p^,  may  be  thus  modified  : 


Jupiter 

Bun 

m 

1047.879  =  .0009543087 

Earth 

(( 

• 
• 

831776     —  .0000030141 

Venus 

— 

tt 

• 

427630     —  .0000023385 

Mars 

it 

• 

3093500     —  .0000003233 

Mercury 

tt 

• 

4865T.V     —  .0000002a55 

Moon 

Earth 

V 

• 
• 

81.2   =  .0000000371 

Amount 

—  .0009602272 

Log. 

T.  9823740 

Log. 

p^y 

.5265244 

4.4558496 

^« 

'^Zl 

.0002856601 

m^ 

-^  m, 

1   — — 

3500.67 
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336.    Mean  Harmonie  Estimate  of  8aium*8  Mass, 

We  have  seen  in  Note  326,  that  in  some  harmonic  approximations  the  most 
satisfactory  results  are  reached,  as  in  the  foregoing  note,  by  adding  satellite 
or  subordinate  masses  to  their  primaries,  while  in  other  cases  it  seems  best 
to  consider  the  primary  mass  alone.  The  choice  of  methods,  in  any  in- 
stance, may  be  governed  by  considerations  of  static  or  kinetic  equilibrium, 
instantaneous  or  progressive  action,  primitive  or  subsequent  conditions,  or 
other  relations  which  may  be  unfolded  by  a  more  minute  study  of  har- 
monic astronomy,  If  we  substitute  the  rotary  estimate  of  Note  313,  (m^ 
-^m,  =  330463)  in  Note  335,  we  get  m^  -;-  wig  =3500.62.  Combining 
this  value  with  the  two  which  are  given  in  Note  814,  we  find  an  exact 
mean  accordance  with  Bessel's  estimate,  as  follows  : 

From  central  primitive  nucleation,  3500.62 

V*      final  "  8522.83 

"     nucleation,  condensation,  nebulosity  and  inertia,  3481.86 

Arithmetical  Mean,  3501 .  60 

337.    Inner  Limit  of  Saturn* s  Preponderating  Influence. 

The  two  foregoing  notes  regard  all  the  intra-asteroidal  planets  as  in 
some  sense  satellites  of  Jupiter,  which  have  been  made  planetary  by  the 
superior  attraction  of  the  Sun,  somewhat  as  our  Moon  is  both  a  solar  planet 
and  a  terrestrial  satellite.  It  may  be  asked  whether  Saturn's  attraction 
when  in  opposition  to  Jupiter,  is  not  sufficient  to  invalidate  this  hy- 
X>othesis.  Jupiter's  mass  being  3.3415  times  as  great  as  Saturn's,  the  ex- 
tent of  its  equal  gravitating  disturbance  is  y^ 3. 3415  =  1.828  times  as  great. 
Saturn's  relative  disturbance  of  intra- Jovian  matter  is  greatest  when  Saturn 
is  at  secular  perihelion  (8.734451^s)  and  Jupiter  is  in  opposition,  at  secular 
aphelion  (5.519271/73).  The  limit  of  equal  attraction  is  then  at  ^f  J|  of 
14.253722^.,  =  9.2134^,  from  Jupiter,  or  3.6941^,  from  Sun,  on  the  side 
towards  Saturn,  so  that  it  includes  all  the  orbits  of  the  dense  planets,  and 
nearly  all  of  the  asteroidal  belt.  This  fact  gives  new  meaning  to  Notes 
830  and  334. 

338.     More  About  Comet  Wdls. 

Notes  295  and  302  illustrate  the  probable  formation  of  spectral  bands  by 
the  combination  of  different  harmonic  tendencies,  as  well  as  the  precision 
of  delicate  measurements  by  a  skillful  observer  and  accuracy  of  judgment 
in  estimating  the  centres  of  maximum  brilliancy.  It  is,  therefore,  not  un- 
likely that  careful  study  may  discover  successive  evidences  of  phyjlotactic 
and  other  harmonic  influences,  as  was  the  case  in  investigating  atomic 
phyllotaxy.    If  we  take  the  difference  between  lines  a  and  e  in  the  Wells' 

spectrum  (Note  295  ;  4769  —  4253  =  516).  the  phyllotactic  numbers  2,  3,  5. 
13,  34,  serve  in  the  following  sub-multiples  ;  J  of  A  of  5l6  =  31.754 ;  3  x 
81.754  =  95.262  ;  4  x  31.754  =127.015  :  5  X  31.754  =  158.769 ;  i  X  |  X 
ff  of  516  =  134.954.    These  numbers  give  the  fi>llow^ 
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binations  of  this  sum  with  phyllotactic  powers  of  2,  3,  and  5  give  the  fol- 
lowing mass-approximations : 

Computed.  Fhyllotaotlo. 

Sun  H-  Jupiter                    1047.879  laiO  ==  (2  +  5)  (2x5),  (3x5) 

Sun  H-  Saturn                     3501.6  3500  ==  (2  -f  5)  (2x5)»  (5) 

Sun  -f-  Uran.  and  Nep.     10433  10500  =  (2  -f  5)  (2x5)»  (3x5) 

Sun  -T-  Earth                   330463  330750  =  (2  +  5)»  (2x5)  (3x 5)*(3) 

Bun  -V-  Venus                 437240  428400  =  (2  -|-  5)  (2»x5)  (3>x5)  (34) 

Sun  -4-  Mars                  3093500  3094000  =  (2  +  5)  (2x5)»  (13x34) 

Sun  H-  Mercury            4865751  4873050  —  (2  -f  5)»  (3x  5)»  (13x 34) 

The  greatest  deviation  is  less  than  ^  of  one  per  cent 

341.     Centripetal  Harmonies  of  Planetary  Mass  and  Position, 

If  we  begin  with  the  outer  two-planet  belt,  we  find  evidence  of  the  fol- 
lowing successive  influences : 

a.  Rotary  vis  viva,  (jnp^  -*-  2).  (1).  If  we  call  the  sum  of  the  masses  of 
Neptune  and  Uranus  m^^  =  w^  -|-  ^8»  ^®  ^^^  ^^^^  ^^  influence  of  rotary 
perturbation  introduces  both  the  same  and  the  diametrically  opposite  mean 
perihelion  longitudes  of  Saturn,  provided  that  p^^.^  andyf),yj  represent,  respec- 
tively, the  incipient  loci  of  subsidence  of  Saturn  and  Uranus  ;  m^^^  (^*^j  — 
^-^gj)  =  w,^(g)-.     (2).  If  we  call  the  sum  of  the  masses  of  Jupiter  and  the 

dense  belt,  m^^^  =  ^6  +  ^4  -j-  ^,  +  *^2  "I"  ^i»  ^^  ^^^  ^^^^  ^^  mean  influ- 
ence of  rotary  perturbation  is  the  same  as  that  of  Saturn  ;  fn^^^p^  =  m^^, 

/9.  Rotary  momentum.  The  interior  mass  of  the  three  primitive  masses, 
m^^y  was  so  divided  that  Sun's  semi-diameter  became  the  rupturing  locus 
for  the  principal  centre  of  gravity  of  the  system  (c.  g.  of  m^  and  m,). 
Designating  Jupiter's  radius  vector  at  secular  perihelion  by  p^^y  we  find, 

y.  Photic  time-integral.  Sun's  mass  and  density  are  so  harmoniously 
adjusted  that  the  oscillations  of  solar  rotation  indicate  the  actions  and  re- 
actions of  a  wave-velocity  which  is  equivalent  to  the  velocity  of  light 
(Notes  17,  etc.). 

d.  Secondary  time-integrals.  The  solar  superficial  gravitating  accelera- 
tion, which  is  determined  by  the  photic  time  injtegral,  determines  in  its 
turn  the  velocity  of  circular-orbital  oscillation  {y/gr)  at  all  distances  from 
Sun's  centre.  The  velocity  at  Sun's  surface  gives  Jupiter's  time-integral : 
the  velocity  at  the  mean  centre  of  gravity  of  the  system  gives  Earth's  time- 
integral. 

e.  The  photic  time-integral  (^),  the  probability  that  Sun's  density  is  har- 
monically determined  by  the  density  of  hydrogen,  and  the  equality  of 
sthereal  and  solar  mass  which  is  implied  by  their  equality  of  action  and 
reaction,  give  the  proportion  at  Sun's  surface. 

Modulus'  :  p\  :  :  density  of  hydrogen  :  sthereal  denritgr. 
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cometary  and  meteoric  influences,  and  made  the  moons  of  Mars,  as  I  have 
shown  {Proe.  Am.  PhU.  Soc,  xvii,  802),  an  unexpected  confirmation  of  his 
views.  Fourier's  discussions  of  elasticity  and  cyclical  motion,  in  a  line  of 
research  to  which  American  investigators  have  made  important  contribu- 
tions (see  op.  cit.,  xvi,  298-302),  showed  that  all  cyclical  movements  are 
qua$i-e\tL&\Xc  and  may  be  represented  by  simple  combinations  of  elastic 
formulas,  and  thus  paved  the  way  for  a  wide  extension  of  the  theory  of 
harmonic  motion.  The  three  foregoing  notes  show  a  combination  of  sim- 
ultaneous and  continuous  activities,  which  it  would  be  diflicult,  if  not  im- 
possible, to  explain  by  Laplace's  theory.  They  are  all,  however,  in  full 
accordance  with  the  views  of  Herschel  and  Fourier,  and  they  indicate  that 
the  photic  sether  may  still  be  regarded  as  nebulous. 

845.     Photic  Loci  of  Earth  and  Saturn. 

Note  841  suggests  the  influence  of  linear  oscillation  in  subsiding  particles. 
Neptune's  locus  of  incipient  subsidence  (30.47^,)  became,  by  the  relative 
slowness  of  its  motion,  a  point  of  virtual  suspension.  Saturn's  locus  of 
incipient  subsidence  (10.843^3)  which  was  near  its  centre  of  oscillation 
(10.16^,),  was  the  origin  of  the  belt  of  mean  planetary  inertia.  While  the 
Neptuno-Uranian  and  the  Jupiter-Telluric  belts  were  yet  undivided,  the 
theoretical  period  of  rotation  was  (80.46955  X  214.45)'  x  25.5084dy  = 
3050950.7  years.  The  fundamental  photodynamic  equation  (Note  321), 
with  the  equality  of  action  and  reaction,  fixed  the  chief  centre  of  con- 
densation at  a  locus  which  is  in  simple  photic  relations  with  the  solar 
nucleus,  the  photic  radius  of  rotation  and  the  centre  of  planetary  rotating 
inertia.  For  the  mean  proportional  between  the  mean  locus  of  incipient 
planetary  subsidence  (10.343258^3)  and  Earth's  semi-axis  major  is  3. 2 161  ^^ 
=  689. 69^^.  If  we  call  this  tlie  photic  radius,  or  the  locus  of  luminous 
equatorial  velocity  for  a  sphere  which  would  have  orbital  velocity  at  Sun's 
surface.  Earth's  semi  axis  major  should  be  [^  1558149  -j-  (2  r  X  497.827  x 
689.69)]»//o  =  213.99^^.  which  is  within  ^  of  one  per  cent,  of  the  British 
Nautical  Almanac  estimate  (214.45^J. 

846.     Mass-Relations  of  Earth  and  Saturn, 

The  relative  masses,  as  well  as  the  relative  positions,  of  the  chief  centres 
of  condensation  and  of  planetary  inertia,  show  simple  harmonic  accord- 
ances with  the  energies  of  (ethereal  rotation  and  reacting  inertia ;  Earth's 
locus  of  incipient  projection  (.982265^3),  bearing  the  same  ratio  to  Sat- 
urn's mean  locus  of  projection  (9.077645^3),  as  the  square  root  of  Earth's 
mass  bears  to  the  square  root  of  Saturn's  mass,  thus  indicating  an  exact 
equivalent  between  the  moment  of  rotation  and  the  inertia  of  mass. 
This  pivcs  331988wh=  m^\  p^=z  92,805,400  miles.  The  mass-value  diflfere 
by  less  tlian  /^  of  one  per  cent,  from  the  value  which  was  adduced  from 
the  relative  inertia  of  Earth  and  Jupiter  (Note  152),  and  by  less  than  ^ 
:>f  one  per  cent,  from  the  value  which  was  deduced  from  centres  of  osdUa- 
lion  (Notes  5,  23). 
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347.    Phyllot<ixy  of  Orbital  Periodt, 

The  closeaess  of  the  phyllotactic  mass-harmonies  (Kote  340),  maybe 
more  strikiagly  shown  by  observing  the  discrepancies  in  Peirce's  approxi- 
mations to  the  orbital  periods  of  the  primary  planets,  which  seem  to  have 
been  the  first  extensions  of  the  phyllotactic  theory  beyond  the  vegetable 
world : 


Pbyllotactio. 

Observed. 

Difference. 

Neptune 

60126.72 

J  Neptune 

30063.36 

Uranus 

80686.82 

ZA 

per  cent 

i  Uranus 

10238.94 

Saturn 

10759.22 

5.»r 

f  Saturn 

4303.69 

Jupiter 

4332.58 

i 

1  Jupiter 

1733.03 

Asteroid  139 

1723.37 

* 

;  Asteroid  139      689.35 

Mars 

686.98 

k 

^  Mars 

343.49 

Earth 

365.26 

6i 

^,  Earth 

224.78 

Venus 

224.70 

A 

I  Venus 

89.88 

Mercury 

87.97 

2* 

The  greatest  deviation  is  more  than  nine  times  as  great,  and  the  mean 
deviation  is  more  than  ten  times  as  great  as  in  Note  340. 

348.     Photic  Relations  of  Earthy  Jupiter,  and  Asteroid  139, 

In  view  of  the  many  evidences  of  the  important  influence  of  Jupiter 
upon  planetary  harmonies,  the  following  proportion  becomes  suggestive : 

^a  '  *fi  '•  '  P\  '  Po 
The  second  theoretical  phyllotactic  reduction  of  Jupiter's  orbital  period, 
§  Asteroid  139,  is  represented  by  t^  ;  Earth's  day,  by  to  ;  the  photic  radius 
(Note  345),  by  p^  ;  Sun's  semi-diameter,  by  p^.    The  value  of  p^,  as  de- 
duced from  this  proportion,  is  214.2^,,,  which  is  about  ^j  of  one  percent 
less  than  the  British  Nautical  Almanac  estimate.     This  is  only  j^y  asgte*^ 
as  the  mean  accidental  deviation  (N"ote  288). 

349.     Modifications  of  Harmonic  Plaiutary  Masses. 

The  approximations  of  Note  342  are  more  closely  connected  than  tl 

of  Note  328,  and  indicate  a  simpler  bond  of  harmony.     Among  the  var 

hanuonic  influences  which  may  be  presumed  to  have  modified  plane 

masses  and  to  be  represented  in  their  harmonic  motions,  are  the  followir 

(1).  The  fundamental  velocity  of  Note  331,  which  was  first  indicated 

my  barometric  investigations  (Proc.  Am  Phil.  Soc.y  ix,  283-8).    (2).  Cenr 

of  linear,  spherical  and  explosive  oscillation  (Z6.,  xii,  392-4,  411-7  ;  et 

(3).  The  acquisition  of  nebula-rupturing  velocities,  by  subsidence  fi 

nr 
nr  to  ^       .  {lb.  xii,  518-22).     (4).  Tendency  to  rupture  in  the  periph*- 

of  a  stationary  nebula,  at  2r  -^  (3  —  v'S")  (/5.  xvii,  98-99).     (5).  B» 

2r 
forming  tendencies,  through  subsidence,  at  ^  (i6.,  xvii,  100*).     (6). 

*  Instead  of  "  minor  axis  of  \/%r  "  read  "  minor  axis  ol  y/'iir^'' 
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Ito  of  ihe  circumference  or  a  circle  to  its  diameter  lib,,  xiii,  140-1.  xiv, 
^IS,  tl  al).  (J).  Time  inlegralB.  rotnliuD- waves,  linrmonic  vibratioas, 
forces,  etc.  [lb.  xiv,  141-7).  |6).  Laplocu'slimit.  andits  TariuiioDHs 
»  i  power  of  the  imclenl  raiiius  tW-.xiv.  618.  633.  ftlS.efoM.  (0).  Ccm- 
>nc7of  pressure  anil  constHncy  of  volume  (ift,,  sir,  651),  (10).  Instanla- 
oua  velocity.  Implying  splrliunl  influcnte  (lb.,  xlv,  611 ;  xvi,  303.  el  nl.}. 
I).  CoiDptLRttive  variations  of  distance  and  density,  in  elastic  media  (/A., 
11.109-12,  tttit). 

850.     Selaliim  of  Xntrtia  to   Time  and  FiiTCt  of  OitilMion. 

M.   Lipsclilu,  in  a  letter  lo  M,  Ilerraite  iGompM Rendat,  xcv,  lUl), 

D8SDS  suQiv  points  wiiii-'ti  have  an  important  bearing  on  my  Tunda- 

ilal  equation  (Note  321).  and  on  time-inlegruls  in  general.    Supposing 

icftvy  body  w  turn  freely  about  aliorizoalalaxis,  he  considers  two  kinds 

aoveiuent.    In  the  first,  tlie  anirulitr  vciociiy  becomes  0  at  i;„;  In  llie 

lad,  at  s  —  0,.     The  limes  in  tlie  two  movements  may  be  expreasod  by 

itic  iatvjtnila  of  llio  first  ordtfr.  with  complementary  moduli.     Tlie 

(.-■ponding  integrals  of  Ibe  second  order  represent  Hamilton's  ateHina- 

t  DM  fita,  'IT  the  integral  oE  wliicli  tbo  element  is  equivalent  to  llie 

of  all  the  living  fnrcea  of  ibe  system  ntuliipllcd  by  the  element  of  Itio 

I,    Tlie  restilt  ol  the  discussion,  which  he  considers  remarkaUe,  gives 

Bquaiioa  of  oscillating  times  and  nccuiiiulnted  cit  eiea,  for  tlie  two  kinds 

movement,  which  deixjods  aolely  on  the  luomeat  of  inertia  of  tlic  body. 

351.  Mntim  of  Sun-Spott  in  Latitade. 
Bpterer,  InalBltartoFayefComptM/fondu^  xcv,  1110),  reports  observa- 
■  upon  tile  movement  of  Siin-apots  in  latitude.  Arruaging  the  obscrva- 
fl  of  IwoQiy  years  (1801-60)  in  5^  belts,  be  finds  a  slight  excess  of  move- 
It  towards  the  equator  between  the  parallels  of  5^  and  10^,  and  a  slight 
ws  towards  the  i)olvs  between  tiie  parallels  of  2(Paud25'-\  Carrington 
do  Rico  found  a  predominance  towards  IhR  equator  between  0^  aud 
uid  towards  the  poles  in  higher  latitudes,  but  the  Indications  were  so 
;ht  lliat  Carrington  allaclied  no  importance  to  thorn.  Fayc  regards  tlieao 
fatal  to  the  theory  of  Siemens,  for  if  the  Sun  Is  fed  by  the  siibsi- 
ice  of  mailer  towards  the  poles,  lie  thinks  that  the  equatorial  contrifu- 
~  irce  should  produce  a  cuusiant  tendency  of  spots  towards  the  cqua- 
He  also  calls  ailemioa  to  the  fact  that  ihe  centripetal  force  at  Sun's 

orlnl  surface  (  „■    -t-  p*,^,)  is  about  48000  times  as  great  aa  the  ccn- 
,1,  and  be  aitrlbules  tlie  equatorial  increase  in  apparent  velocity  of 
►a  U)  the  continual  con vectiim .currents  between  the  photosphere  and 
interior  uf  the  Sun. 

352.     Hiolodgnamk  Centrifugal  Enf.rgy. 
t  tbe  very  outset  of  my  planetary  investigations  I  ealled  aiteniion  to 
■OcelBraling  effects  of  "subsidence,"  and  Hall's  discovery  of  the 
IM  of  tUrs  strengthened  my  convicliun  that  such  acceleration  was  the 
mOC.  AUSJl.  miLOe.  lOC.  3tX.  118.  3V.     PRUtTBD  UAtica  10.  1863. 
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Ttra  causa  of  Sun's  equatorial  acceleration.  Jupiter's  influence  upon  har- 
monic masses  and  positions  (Notes  313,  etc.)*  and  the  close  approximation 
of  the  photic  radius  (Note  845)  to  Jupiter's  projectile  centre  of  linear  os- 
cillation, show  that  there  are  activities,  at  various  distances  from  the  Sun, 
which  should  be  considered  in  discussing  the  conservation  of  solar  energy. 
The  centrifugal  force  to  which  Siemens  refers  is  by  no  means  limited  to 
Sun's  surface  ;  at  Laplace's  limit  (36.36rJ,  at  the  photic  radius  (689rJ, 
and  at  the  solar  modulus  of  light  (689' rj,  there  are  important  rotating  and 
consequent  centrifugal  tendencies  which  have  been  almost  wholly  over- 
looked. Darwin's  discussions  of  terrestrial  '*  viscosity"  furnish  many  sug- 
gestive hints  for  an  investigation  which,  as  I  fully  believe,  will  help  greatly 
to  extend  Laplace's  views  of  universal  stability.  No  one,  probably,  would 
think  of  limiting  the  centrifugal  force  of  terrestrial  rotation  to  Earth's  sur- 
face, nor  even  to  its  atmospheric  modulus  ;  there  is  great  likelihood  that 
an  appreciable  atmosphere  may  extend  even  beyond  Laplace's  limit  (6.9r,), 
all  portions  within  that  limit  rotating  synchronously  with  Earth,  while  all 
portions  beyond  the  limit  are  subject  to  combined  influences  of  rotation 
and  revolution.  Sun's  ethereal  modulus  extends  to  more  than  73  times 
Neptune's  semi-axis  major,  and  if  we  suppose  that  to  be  the  limit  of 
iBthereal  centrifugal  tendency,  we  have  an  available  velocity  which  is  C89 
times  as  great  as  the  velocity  of  light,  If  we  suppose,  still  further,  that 
Laplace's  velocity  of  gravitating  action,  more  than  100,0(X),000rj^  {Mee. 
Celeste^  X,  vii,  22),  represents  an  actual  physical  velocity,  we  have  a 
radius  of  rotating  Influence  which  extends  from  the  Sun  as  a  centre  t<^ 
more  than  13000  times  the  distance  of  a  Centauri. 

853.     Motion  in  Perfect  Fluids, 

Siemens  calls  attention  {Comptes  Rendus^  xcv,  1040),  to  the  results  of 
Froude's  Torquay  experiments,  which  showed  that  a  submerged  body, 
moving  with  uniform  velocity  in  a  perfect  fluid,  will  meet  no  resistance 
whatever.     By  "a  perfect  fluid"  is  meant  a  fluid  free  from  viscosity  or 
quasi  solidity,  and  in  which  no  friction  is  caused  by  the  slipping  of  its 
particles  cither  over  one  another  or  over  the  surface  of  the  body.    If  there 
are  any  such  fluids,  the  luminiferous  aether  is  doubtless  one.     Ferrel's  in- 
vestigations have  shown  that  the  centrifugal  force  of  rotation  would  dra^ 
it  entirely  away  from  the  poles,  so  that  more  viscous  fluids,  such  as  o^^ 
atmosphere,  would  serve,  as  Siemens  says,  as  lubricators,  to  supply  teU^P^* 
rary  vacua  which  would  otherwise  result  from  the  slight  lateral  el*^^ 
oscillations  of  the  tether.     These  considerations,  as  well  as  those  of  ^"^ 
foregoing  note,  open  a  new  field  for  analytical  research,  which  mu^^^ 
thoroughly  explored  before  final  judgment  can  be  passed  upon  questi^^ 
pertaining  to  the  conservation  of  solar  energy,  the  stability  of  the  phy^^^ 
universe,  and  the  reproach  of  thermodynamics. 

354.     Centnpetal  Tranrformaiion  qf  Radiations, 

When  particles  or  bodies  are  moving  in  circular  orbits,  under  the  *^' 
fluence  of  central  forces,  the  centripetal  and  centrifhgal  forces  are  in  eOP*' 
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librium ;  in  parabolic  orbits,  the  centripetal  vis  viva  is  twice  as  groat  as 
the  centrifugal  on  approaching  the  centre,  and  one-half  as  great  on  reced- 
ing from  the  centre  ;  in  elliptical  orbits,  the  ratio  of  the  living  forces  varies 
inversely  as  the  ratio  of  the  radius-vector  to  the  semi-axis  major.  In 
actual  orbital  motions,  the  alternate  oscillations  between  the  apsides  are 
equal,  but  in  opposite  directions.  This  must  be  true  of  the  sether,  as  well 
as  of  planets  and  satellites,  if  the  SBther  has  any  orbital  motion,  and  reason- 
ing from  analogy  we  might  fairly  suppose  that  it  is  true  of  sethereal  waves. 
What  becomes  of  the  heat  which  is  supposed  to  be  absorbed  by  the  aether? 
Docs  it  increase  the  mean  distance  of  the  oethereal  particles,  docs  it  main- 
tain an  ever  increasing  amount  of  sethereal  undulation,  or  is  it  resolved 
into  some  form  of  gravitating  or  other  centripetal  activity,  which  furnishes 
conclusive  evidence  of  the  universality  of  the  law  that  ''action  and  re- 
action are  equal  and  in  opposite  directions  ?  "  A  single  fact  is  worth  more 
than  a  million  theories,  however  plausible  they  may  be.  The  second  law 
of  thermodynamics  is  purely  theoretical,  inasmuch  as  it  tries  to  account  for 
activities  which  are  beyond  the  reach  of  experimental  investigation.  The 
fundamental  equality  of  Note  321  is  a  significant  and  far-reaching  fact» 
which  illustrates  Laplace's  principle  of  periodicity  (Note  333),  and  bears 
satisfactory  witness  to  the  continuance  of  activities  which  have  hitherto 
been  the  reproach  of  thermodynamics. 

855.    Pri/nitioe  Piiotodynamic  Locus  of  N4ptane. 

The  combined  influence  of  the  tendencies  to  rotation  and  revolution 
(Notes  348,  353,  etc.),  is  shown  in  the  outer  limits,  as  well  as  at  the  centre 
of  the  planetary  system.  The  outer  extremity  of  the  photic  radius  (Note 
845),  has  an  oscillatory  trajectory  which  is  (;rrj^  -i-  v^  times  as  great  as 
that  of  Pq.  Its  rotatory  vis  viva,  and  consequently,  its  radius  of  relative 
projection,  is  (;rfx  ~^  ^o)'  times  as  great,  and  the  orbital  period  of  this  pro- 
jectile radius  is  {nVj^  -j-  i?J'  y.2n  V  {r^-^  g^).  Jupiter's  secular  eccentri- 
city, according  to  Stockwell,  is  .0608274.  This  gives,  for  the  linear  centre 
of  oscillation  of  its  locus  of  incipient  subsidence,  .0405516,  and  for  the 
solar  radius  vector  of  that  centre,  1.0405516.  If  we  take  a  like  projection 
of  Neptune's  locus  of  incipient  subsidence  (1.0405516  X  30.46955  = 
81.70514)  as  an  original  nucleal  radius  {p^)  for  which  Laplace's  limit 

(^p^^  was  (;r  Vj^  -^  t)J»  p^.  we  find  ^,  =  (r'  Uj^  pt  -*- 1>,  p^y  p^;  «j^  -f- 1>,  = 
81558149  sec.  h-  (2  ;r  X  497.827 sec.)  =  10089.116 ;  p^  =  214.461  p^;  p^  = 
6799.52  />o  ;  j»x  =  4684434  p^. 

356.    Primitive  Photodynamie  Locus  of  Saturn, 

The  value  of  Sun's  apparent  semi-diameter  as  deduced  from  the  fore- 
going note  is  206264 ."806347  -f-  214.461  =  961.'a8,  the  British  Nautical 
Almanac  estimate  being  961.  "82.  A  mean  proportional  between  Sun's 
semi-diameter  and  p,^  (2164.36  p^  =  10.09206  p^)  is  within  less  than  <mo 
per  cent,  of  Saturn's  mean  subsidence  locus  (10.000059  p0.    The  plic ' 
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radius  (p^  =  ^^  v^  -^  v^  =  688.936  p^  is  a  mean  proportional  between 
Earth's  semi  axis  major  and  Saturn's  incipient  subsidence  locus  (2218.88 />« 
=  10.843253  p^)  within  less  than  ^  of  one  per  cent  A  mean  proportional 
between  p^  and  p^  is  also  a  mean  proportional  between  p^  and  p^.  Hence 
we  see  that  Sun's  radius,  Earth's  radius-vector,  the  photic  radius,  as  well 
as  the  original  oucleal  and  limiting  radii  of  the  system,  are  all  represented 
through  their  harmonic  influences  upon  the  belt  of  mean  planetary  inertia. 

857.    SteUar  Relations  of  Primitioe  Phoiodyncanic  LoeL 

In  whatever  way  we  may  regard  these  many  indications  of  harmonic 
influence  upon  planetary  positions  and  orbital  periods,  whether  as  furnish- 
ing evidence  of  early  nebular  condensation  or  of  nebular  activities  which 
still  continue,  we  can  hardly  believe  that  they  are  confined  to  our  imme- 
•  diate  system.  The  nearest  companion  system  being  that  of  a  Centauri, 
we  need  feel  no  surprise  at  finding  that  />y  is  a  mean  proportional  between 
Sun's  radius  and  the  distance  of  a  Centauri,  and  />x  is  <^  mean  proportional 
between  the  solar  modulus  of  light  and  the  distance  of  a  Centauri,  The 
distance  which  is  thus  indicated  differs  by  less  than  J  of  one  per  cent 
from  tlie  one  which  was  deduced  from  the  corona  line  and  the  masses  of 
Earth  and  Jupiter  (Note  40).  The  photic  radius  is,  of  course,  a  mean 
proportional  between  Sun's  radius  and  the  solar  modulus  of  light 

358.    Photodynamic  Relations  of  the  Neptunian  System. 

Stock  well  {Wanh,  Obs.,  tor  1873,  App.  I),  deduced  two  values  for  the 
quotient  of  Sun's  mass  by  Neptune's  mass,  viz.:  19700  from  perturbations 
of  Uranus,  and  10380  d=  70  from  Neptune's  satellite.  The  former  value  may, 
perhaps,  indicate  the  mass  of  the  planet ;  the  latter,  the  mass  of  the  Nep- 
tunian system,  including  the  satellite  which  has  already  been  discovered, 
together  with  any  others  which  may  be  yet  unknown,  and  one  or  more 
po?aible  remote  planets.  Tlie  orbital  period  of  the  primitive  projectile 
radius  t  Xotc  355)  is  19G13.1  times  Neptune's  orbital  period.  Designating 
these  periods  by  t^  and  t^,  respectively,  we  have  the  approximate  har- 
monic proportion, 

t^  :  ^jj  :  :  19613.1  :  1  :  :  m^  :  m^. 

This  value  is  intermediate  between  Stockwell's  two  estimates,  differing 
but  g-  of  one  per  cent,  from  their  mean,  but  1 J  per  cent  from  the  smaller 
and  but  \;  of  one  per  cent,  from  the  larger  estimate.  As  the  proportion 
is  based  upon  time-integrals  which  must  be  operative,  this  closeness  of  ac- 
cordances is  interesting. 

359.     Phyllotactic  Relations  of  Earth  and  Neptune. 

To  the  harmonic  relations  which  I  have  already  pointed  out,  between 
the  planetar}'  masses  at  the  centre  of  incipient  subsidence  (Neptune)  and 
at  the  chief  centre  of  nucleatlon,  may  be  added  a  very  simple  phyllotactic 
relation,  which  is  shown  by  the  proportion, 

vij^  :  /w^  :  :  2  :  34. 
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If  we  take  the  mass-estimate  of  Note  318,  m^  -i-  m,  r=:  830468,  this  propor- 
tion gives  m^-i-m^  =  19439,  which  is,  within  the  limits  of  probable  error, 
in  accordance  with  Stockwell's  second  estimate.  The  interest  of  this  har- 
mony is  increased  by  the  fact  that  the  ratio  of  Earth's  equatorial  velocity 

of  rotation  is  to  the  limiting  valae  of  Vg^  r,  in  the  same  phyllotactic  ratio 
of  2  to  84. 

360.    Harmonic  Relaiioni  of  Saturn,  Mars,  and  the  TeUuric  System, 

The  harmonic  actions  and  reactions  among  the  masses  at  the  centre  of 
planetary  inertia  (Saturn),  the  centre  of  incipient  subsidence  for  the  belt 
of  greatest  condensation  (Mars),  and  the  central  system  in  the  belt  of 
greatest  condensation  (Earth  and  Moon),  is  shown  by  the  proportion 

Taking  Bessel's  estimate,  m^-r-m^  =  3501.6,  with  the  rotary  estimates 
of  Notes  813  and  316,  m„  -f-  f?*,,  =  330463,  w,  -4-  ^  =  81.08,  this  proportion 
gives  w»o  -*-  w»4  :=  3083416,  which  differs  by  less  than  J  of  one  per  cent, 
from  Hall's  estimate.  These  repeated  harmonic  relations  of  mass  seem  to 
show  that  every  planet  represents  some  special  central  tendency,  and 
when  that  tendency  is  found,  the  harmonic  calculus  will  furnish  estimates 
which  are  generally  closer  than  those  which  have  been  reached  by  the 
ordinary  astronomical  methods.  If  this  is  the  case  with  the  first  approxi- 
mations, we  may  well  hope  that  a  due  regard  to  secondary  and  subordi- 
nate harmonies  will  give  results  of  a  very  satisfactory  character.  In  the 
present  instance,  if  we  regard  Hall's  estimate  as  correct,  and  deduce  the 
▼alue  of  Earth's  mass,  we  find  m^  -^  m^=^  331003,  which  is  within  the 
limits  of  probable  error. 

861.     Synaptic  Table. 

The  six  foregoing  notes  are,  in  some  respects,  more  comprehensive  in 
their  harmonic  indications  than  any  that  have  preceded  them.  I  therefore 
give  the  following  comparative  table  : 


Harmonic  Logarithms. 

Anti-logs. 

npt 

^3               2.3313488 

214.461 

1. 

p^              2.8331787 

699.936 

3.2124 

p^               3.3353286 

2164.356 

10.0921 

p^              3.8324785 

6799.528 

81.7051 

M              5.6763574 

474632. 

2213.1381 

p^              6.6706572 

4684435. 

21842.8 

a  Cent.      7.6649570 

46233521. 

215579.8 

tj,  --  fj^      2.3410288 

219.295 

t^                4.0020883 

10048.2  sec. 

<^at/>o       6.3431171 

2203520.3  sec. 

t'at^«       1.4066034 

25.504  days. 

/„  -f-  (J,     T.4064550 

.25495 
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862.     The  Terrestrial  Series. 

The  above  table  introduces  two  geometrical  series ;  the  first  having  the 
ratio  r,  and  having  for  one  of  its  terms  a  solar  radius-vector  for  Earth, 
similar  to  the  one  for  Jupiter  in  Note  ^  (1  +  g  es  =  1.02258). 


Harmonic. 

a 

.82548 

TT  a 

1.02254 

T^a 

8.21240 

7r>a 

10.09201 

TT*  a 

31.70514 

TT*  a 

99.60465 

TT*  a 

312.91727 

Obeerved. 
.31873 
1.02258 
3.21240 
10.00006 
31.70514 
100. 
800. 


Mercury,  mean  perihelion, 
Earth,  1.  c.  o.  of  sec.  ecc'y, 
•  Photic  radius,  p^, 
Saturn,  mean  aphelion, 
Neptune,  p^, 
Forbes,  I,  Note  82. 
Forbes,  II,  Note  32, 

This  senes  includes  the  inner  and  outer  principal  planets,  the  centers 
of  planetary  inertia  and  of  maximum  condensation,  the  photic  radius,  and 
the  two  supra-Neptunian  belts  of  cometary  aphelia.  The  planetary  loci 
are  those  of  my  first  anticipatory  series  (Proe,  Amer.  PhU,  8oe.,  xiii,  140), 
with  such  modifications  as  represent  the  photic  radius  and  the  linear  centers 
of  oscillation  of  Earth  and  Jupiter.  Each  of  the  two-planet  belts  is  indi- 
cated, and  the  photic  radius  precisely  marks  the  locus  of  Asteroid  108.  It 
also  differs  by  less  than  ^  of  one  per  cent,  from  a  mean  proportional  be- 
tween Earth's  semi-axis  major  and  Saturn's  locus  of  incipient  subsidence 
(8.21609  p^). 

363.     The  SteUar  Photic  Series. 

The  second  geometrical  series  of  Notes  355-61,  has  the  ratio  ?r»  and  has, 
for  two  of  its  terms,  a  stellar  locus  and  the  solar  modulus  of  light. 


Harmonic. 
.00239 
.02363 
.02324 
2.30202 
22.72004 
234.2378 
2218.1381 
-n^5  21842.804 
r'%5  215579.86 
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.5135  Sun's  semi-diameter, 
5.0683  Sun's  semi-diameter, 
i  Mercury's  sec.  aph., 
Mean  prop,  Jupiter  and  Earth, 
J  Neptune's  mean  aph., 


Observed. 

.00239 

.02363 

.23840 

2.28096 

22.75153 


2213.1381 
21842.804 
215579.86 


Solar  modulus  of  light. 
Photic  projectile  radius, 
a  Centaurif 

Tiie  planetary  indications  are  not  quite  so  satisfactory  as  in  the  foregoing 
series,  but,  the  deviations  are  of  the  same  order  of  magnitude  as  planetary 
eccentricities.  Neptune's  mean  subsidence  locus  indicates  a  solar  nebular 
density  corresponding  to  Laplace's  limit,  for  a  rotating  nucleus  with  a  serai- 
diameter  equivalent  to  rrgyS.  Mercury's  primitive  subsidence-locos  indi- 
cates a  degree  of  "viscosity  "  which  would  give  a  rupturing  tendency  at 
a  mean  proportionate  locus  between  Sun's  viscous  rupturing  locus  and 
r  ,5.  The  mean  proportional  between  these  two  loci  is  also  a  mean  pro- 
portional between  Earth's  primitive  subsidence-locus  and  Jupiter's  mean 
projectile-locus.    The   deviations  from  exact  accordance,   according   to 
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Btockwell,  are  reBpeciivelj.  }  oF  one  per  coat.,  ^  of  oae  per  cent  And  ^ 

or  one  perceul.  Tlie  Ihree  turmi  which  indicale  mere  pliotoilynamic  prn- 
greraian  show  an  exact  accordance  ;  but  there  ia  a  range  of  unccrlnioty 
which  19  of  the  game  order  of  magnitude  as  pliinelary  ecceniricities,  with 
ngfird  to  Ihe  exactness  with  which  the  third  of  Ihoae  terms  represents  tlie 
looui  of  a  Cmlauri.  .The  hnrmonic  terra  preceding  the  solar  modulus  is 
7.4M  times  Neptune's  semi-axis  major.  It  has  no  obvious  known  rcpre- 
aentaiive,  but  future  researciies  or  discoveries  may  make  it  signlflcaot. 
The  Terrestrial  and  the  Sieilar-Flioiic  eeries  are  connected  by  the  propor- 
tion : 

These  several  relations  conQrm  the  views  which  wore  expressed  in 
Jfot«2e3. 

884.  J^alodj/nank  Sitbtidenise-RelaUon  of  Earth  and  JupiUr. 
The  phoiodjoamlc  projections  of  ^  Irom  Sun's  rupturing  locua,  of  the 
chief  centra  of  gravity  (Sun  and  Jupilor)  from  Sun's  surface,  of  the  cenire 
ef  the  dense  belt  IVom  the  chlefccnlre  of  condensation,  and  of  p^  from  Nep. 
tune's  locus  of  incipient  subsidenLt,  seem  partly  to  account  for  llio  pholo- 
djnumic  gravitating  reialiooa  of  Earth's  day  and  year.  The  radius  vector 
of  the  viscous  rupturing  locus  of  Jupiter's  incipient  subsidence  (Nolo  355) 
fa  1.03<M137.  If  (,  =:  1  year,  we  have,  very  nearly  if  not  exactly,  the  equa- 
'ons: 

ff,(,  =  1.0304137  0^. 
e^     =:I8Ui33.B  miles. 
I„     =!)2,(t3l},000  miles. 
f«.    =  830,410  m,. 

385.  ConteTcalice  Afomentum  of  Vit  Viea. 
Whether  we  accept  or  reject  the  hypothesis  of  Lesage,  as  a  literal  ex- 
laokllon  of  grtiviiating  action,  it  may  serve  as  a  convenient  concept  for 
ipresenting  activities  which  are  obviously  incessant.  Tiiere  are  con- 
Rat  centripetal  tendencies  towards  the  Sun.  as  well  as  constant  radiations 
om  the  Bun,  each  varying  inversely  aa  the  square  of  the  distance,  and 
lOh  lubjecl  to  the  law  of  equality  lietweon  action  and  reaction.  Lesage 
led  tbst  Ihej  were  opposite  phases  Ufa  single  energy,  and  bis  views 
•  Ikvorod  by  the  law  of  parsimony.  If  we  reject  them  altogether,  our 
npleslty  is  doubted,  for  wc  have  two  reactions  to  account  for,  Instead  of 
le.  Even  Newton,  Peirce  and  Helmhnlle;  the  flrst,  in  bis  hypothesis 
'an  "leihureal  spirit."  the  otiiers  in  seeking  an  e<|uiva1oat  between  solar 
diatioa  and  solar  contraction ;  were  guided,  though  less  directly,  by 
a  I&w  of  action  and  reaction.  In  circular  orbital  motion,  centripetal 
vrluiloa  continually  dotlects  the  tangential  path,  so  as  to  make  it  ir  liines 
I  long  M  the  radial  path  before  Iho  tangential  oscillation  reverses  its  di- 
oUoo.  The  influence  of  luomontnra  in  sucb  a  cliange  is  represented  by 
16  Ismatrial  series  (Note  393);  the  infiuenco  of  vi»  vita,  in  the  atelbir- 
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photic  series  (Note  363) ;  the  inflaence  of  both,  in  the  fundamental  equality 

(Note  321).    If  there  is  neither  waste  nor  accumulation  of  energy,  and  it 

there  is  a  material  sether,  the  hypothesis  that  the  centrifugal  action  of  every 

sethereal  radiation  is  followed  by  an  equal  and  opposite  centripetal  reaction, 

and  vice  versa,  is  justified  by  all  the  known  phenomena  of  the  heavenly 

bodies. 

366.    Dynamics  and  Kinematics. 

William  B.  Taylor  delivered  an  address  on  "Physics  and  Occult 
Qualities,"  before  the  Philosophical  Society  of  Washington,  Dec.  2,  1883, 
on  retiring  from  the  Presidency  of  the  Society.  He  discusses  with  great 
skill  and  lucidity,  the  comparative  views  of  the  kinematists  who  hope  in 
time  to  resolve  all  physical  enigmas  by  molecular  processes,  and  of  the 
dynamists  who,  "having  searched  in  vain  for  any  plausible  co-ordination  of 
the  indisputable  facts  of  cohesion  [and  other  material  phenomena]  with 
an  intelligible  mechanical  agency,  simply  acquiesce  in  the  result,  and 
without  invoking  the  unknown  or  the  irrelevant,  accept  this  established 
property  as  ultimate  and  inexplicable."  In  one  paragraph  (p.  30)  he  says : 
"Without  the  indestructible — unwasting^tensions  of  molecular  attrac- 
tion and  repulsion,  it  lies  beyond  the  scope  of  human  ingenuity  to  devise 
or  imagine  a  conservative  system,"  thus  corroborating  views  which  I  have 
been  advocating  for  twenty  years.  In  another  (p.  48),  he  seems  to  be 
somewhat  self-contradictory,  in  saying :  "  Udder  the  present  system  of 
dynamic  law,  it  is  certain  that  as  radiating  and  cooling  bodies, 

*The  stars  shall  fade  away,  the  Sun  himself 
Grow  dim  with    age,  and  nature  sink  in  years.* 

Nor  is  there  known  to  science  any  natural  process  whereby  this  cosmic 
doom  may  be  either  averted  or  repaired  by  ulterior  reversal."  This  is 
true  of  kinematics,  but  dynamic  law  positing  behind  itself  "an  Infinite 
Lawgiver,"  need  give  no  thought  to  kinematic  perplexities  and  paradoxes. 
Force  "is  attended  with  no  expenditure  and  is  capable  of  no  exhaustion  " 
(p.  30).  In  his  reference  (p.  27)  to  the  experiments  of  Guthrie  and 
Bjerknes,  on  attractions  or  repulsions  by  mechanical  vibration,  he  has 
overlooked  my  own  exi>eriments,  which  were  published  more  than  six 
years  before  Guthrie's  (Proe.  Amer.  PhU.  Soc,  ix,  359 ;  x,  151-66).  In  his 
antagonism  of  the  doctrine  of  •*  unity  of  force  "  (p.  45),  he  makes  no  refer- 
ence to  the  identification  of  velocity,  in  the  most  important  known  mani- 
festations of  photic,  electrical,  gravitating  and  thermal  activity,  as  shown 
in  the  fundamental  equality  (Note  321). 

367.     Anticyclonic  Storms, 

Loomis,  in  his  IStli  Contribution  to  Meteorolgy  {Am,  Jour.  8ci,,  Jan., 
1831),  gives  many  illustrations  of  the  frequency  of  anticyclonic  storms,  to 
which  I  called  attention  in  1871  (Proe,  Atn.  PhU.  Soc,  xii,  40).  My  views 
were  afterwards  adopted  in  the  Signal  Service  "Suggestions  as  to  the  prac- 
tical uses  of  Meteorological  Reports  and  Weather  Maps,"  in  magazine  and 


1883-1  ^^^  [Cbaae. 

newspaper  articles  by  S.  S.  observers,  and  in  reports  of  the  Chief  Signal 
Officer.  Prof.  Loomis  is,  perhaps,  somewhat  unconsciously  biased  by  a 
still  lurking  prejudice  in  favor  of  Redfield's  views,  which  disposes  him  to 
trace  all  rainfalls  to  "a  cyclonic  movement  of  the  winds  about  the  rain 
area/'  As  soon  as  the  rain  begins  to  fall,  there  must  undoubtedly  be  a 
local  cyclonism,  as  I  stated  {loc.  aY.,  7);  but  a  careful  study  of  weather- 
maps,  especially  in  winter  storms  and  in  cases  of  failing  forecasts,  satis- 
fies me  that  the  origm  of  storms  is  as  much  anticyclonic  as  cyclonic. 
The  frequent  instances  of  snows  in  a  "high*'  area,  with  simultaneous 
rains  in  a  **low"  area,  are  very  instructive.  Ferrers  researches  show 
that  cyclonism  and  anticyclonism  must  be  companions.  It  is,  therefore, 
hardly  right  to  regard  either  as  peculiarly  storm -breeding.  The  vera 
causa  is  a  blending  of  moist  and  cold  currents.  When  the  precipitation 
begins  in  a  high  area,  the  initial  currents  are  anticyclonic  ;  when  in  a  low 
area,  cyclonic.  FerreVs  middle-latitude  ridge  of  high  barometer  also  ex- 
plains the  anticyclonism  of  our  Southern  States,  to  which  Loomis  refers. 

368.     **  Central  Forces  and  the  Conservation  of  Energy,** 

Mr.  Walter  R.  Browne  {PhU.  Mag.,  Jan.  1883).  confirms  some  of  the 
views  of  central  force  which  have  guided  my  own  researches,  and  which 
are  embodied  in  Taylor's  retiring  address  (Note  866).  He  shows  that 
the  conservation  of  energy  lequires,  and  results  from  the  equation 

/a  A-  b  ra 

^     Fdx=    (  Fdx; 

a  •/  a  -f-  0 

in  which  two  particles,  A  and  B,  are  alternately  receding  and  approaching 
between  the  distances  a  and  a-{-b;  and  that  F  can  only  be  a  function  of  r ; 
"in  other  words,  the  force  with  which  A  acts  upon  B  always  tends 
towards  A,  and  varies,  if  it  varies  at  all,  according  to  the  distance  from  A 
only.  But  this  is  the  definition  of  a  central  force."  He  also  refers  to  his 
I)aper  "On  Action  at  a  distance"  (Phys.  8oc,,  lSSi;Phil.,  Mag.,  Dec,  1880), 
in  which  he  showed  that  it  is  "impossible  to  explain  certain  elementary 
facts  of  physics  without  the  hypothesis  of  action  at  a  distance."  He  de- 
duces from  the  kinetic  theory  of  gases,  the  conclusion  that  the  collision 
"  occasions  the  instantaneous  development  of  a  strictly  infinite  force. "  In 
1876,  I  showed  that  "if  the  theory  of  Boscovich  were  true,  at  the  centre, 
where  /o  =  0,  tJ  would  be  infinite"  {Proc.  Amer,  PhU.  8oe.,  xvi,  304). 
These  conclusions,  as  well  as  Laplace's  doctrine  of  the  instantaneous  action 
of  gravity  (op.  cU.  p.  302),  are  inexplicable  by  any  hypothesis  which  does 
not  either  recognize  spiritual  activity  or  spiritualize  its  definition  of  matter. 

869.    Mean  Molecular  Excursions. 

In  discussing  the  kinetic  interpretation  of  the  law  of  gases,  Taylor  cites 
(Address  p.  17)  the  application  of  the  calculus  of  probabilities,  by  which 
Claosius  inferred  "that  of  the  whole  number  '  f  free  molecular  excur- 
sions in  a  given  time  (in  any  large  enclosure),  those  having  less  than  the 
mean  length  will  be  0.6821,  or  nearly  double  the  number  of  those  having 
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the  mean  length  or  exceeding  it.  The  simplicity  of  thermodynamic  rela- 
tions in  central  force  {Proe,  Amer,  PM.  8oc,,  xiv,  651),  suggests  an  equally 
simple  means  of  estimating  the  proportionate  number  of  mean  excursions. 
Peirce's  views  respecting  the  f>is  vtoa  of  rotation  (see  Proc,  Amer.  PkH.  8oe., 
xvi,  300),  involve  the  consideration  of  the  mean  moment  of  inertia,  which 

is  represented  by   -g-,  the  momentum  being  represented  by  r  |/J  = 

.632455  r,  which  differs  from  the  estimate  of  Clausius  by  less  than  ^  of 

one  per  cent. 

370.     Co»mic(U  Influence  of  Rotary  Inertia, 

We  may  naturally  suppose  that,  among  the  many  harmonic  influences 
which  have  combined  in  fixing  the  relative  positions  of  the  several  planets, 
rotary  inertia  should  be  represented  Among  the  evidences  which 
strengthen  such  a  supposition,  are  the  following: 


2.5  Mercury,  sec.  per.. 

.7435 

Venus,  mean  apb.. 

.7489 

1.5  Mercury,  mean  per., 

,      .4781 

Jilercury,  s.  a., 

.4768 

2.5  Mercury,  mean. 

.9677 

Earth,  m.  p.. 

.9661 

1.5  Mercury,  m.  a., 

.6832 

Venus,  s.  p.. 

.6723 

1.5  Mercury,  s.  a.. 

.7152 

Venus,  mean. 

.7232 

1.5  Venus,  s.  p.. 

1.0084 

Earth,  mean. 

1.0000 

1.5  Earth,  s.  p., 

1.3984 

Mars,  m.  p.. 

1.4032 

2.5  Jupiter,  s.  p.. 

12.2158 

§  Uranus,  m.  p., 

12.2153 

1.5  Saturn,  m.  a., 

15.0001 

^  Neptune,  me^n. 

15.0169 

1.5  Uranus,  ra.  a.. 

30.0663 

Neptune,  mean. 

80.0339 

.6  Neptune,  s.  a., 

18.2817 

Uranus,  m.  p.. 

18.3230 

The  ratio  of  the  rotating  radius  to  the  projectile  radius  of  mean  rotary 
Tis  TiDa  is  2.5  ;  the  reciprocal  ratio  gives  the  vector-ratio  in  opposition,  1.5 ; 
the  mtio  of  the  rotating  radius,  less  that  of  the  projectile  radius  is  .6  ;  the 
reciprocal  of  1.5  is  §,  which  also  represents  the  centre  of  linear  oscillation 
and  the  radius  of  subsidence-collision  ;  the  viscous  rupturing  radius  of 
subsidence  is  J. 

371.     Reaction  of  Rotary  Vis  Viva, 

A  fact  which  has  an  important  bearing  on  Delauuay's  hypothesis,  as 
well  as  on  the  second  law  of  thermodynamics,  is  shown  by  the  recipro- 
cal ratios  of  the  foregoing  note,  and  more  strikingly,  by  the  reactionary 
influence  of  Neptune.  If  we  look  to  a  like  reaction  on  the  part  of  the 
other  planets,  we  find  the  following  harmonic  accordances  : 


.0  Uranus,  m.  a., 

12.0265 

.4  Neptune,  m., 

12.0135 

.6  Uranus,  s.  p., 

10.6128 

Saturn,  s.  a.. 

10.3438 

.6  Saturn,  s.  p., 

5.2407 

Jupiter,  ra.. 

5.2028 

.6  Jupiter,  m., 

3.1217 

Asteroid  120, 

8.121 

.6  Jupiter,  m.  p.. 

2.9869 

Asteroid  61, 

2.987 

.6  Mars,  s.  a., 

1.0419 

Earth,  m.  a.. 

1.0338 

.6  Earth,  s.  a., 

.6406 

Venus,  s.  p., 

.6722 

.6  Venus,  m.  a.. 

.4493 

Mercury,  m.  a.. 

.4554 

.6  Mercury,  s.  p., 

.1784 

Laplace's  limit. 

.1696 
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The  greatest  deviations  are  at  Earth's  secalar  aphelion  or  locus  of  in- 
cipient subsidence,  and  at  Mercury's  secular  perihelion  or  locus  of  in- 
cipient projection  ;  the  difference  in  each  case  being  about  five  per  cent. 
(1.0493  and  .9507),  and  the  mean  difference  being  zero.  The  mean  devi- 
ation of  the  four  dense  planets  is  only  ^  of  one  per  cent.  The  mean  dif- 
ference in  the  light  belt  is  about  J  of  one  per  cent,  the  greatest  being  that 
of  Uranus,  2.5  per  cent.  The  exactness  of  Jupiter's  influence  on  Asteroids 
120  and  61  is  remarkable. 

372.     Conservative  Reaction. 

It  may  be  readily  seen  that  all  the  indications  of  the  foregoing  note  point  to 
a  rotary  vi9  viva  of  the  several  planets,  reacting  against  a  similar  solar  vis  viva, 
and  having  no  corresponding  indications  in  opposition  to  the  Sun.  These 
indications  are  of  a  character  like  those  which  underlie  the  investigations 
of  George  H.  Darwin,  but  their  influence  upon  Sun  is  accelerating,  instead 
of  retarding,  while  any  ^t/o^t-viscous  tidal  influence  is  retarding,  instead 
of  accelerating.  If  the  two  kinds  of  influence  represent  equal  actions  and 
reactions,  the  result  would  be  a  precise  conservation  of  centripetal  and  ra- 
diant energies,  without  any  solar  expansion  or  contraction,  other  than  in 
cyclic  alternations,  within  limits  of  an  order  of  magnitude  like  that  of 
planetary  eccentricities.  The  fundamental  equality  of  Note  821  shows 
that  Sun's  centripetal  rotating  energy  is  wholly  photodynamic.  We  may 
readily  believe  that  the  solar  rupturing  and  expanding  tendencies  of 
planetary  rotation  represent  a  purely  photodynamic  reaction  on  gravi- 
tating action,  which  is  exactly  equivalent  and  opposite.  The  evidences 
of  such  equivalence  in  cosmical  aggregations  should  encourage  us  to  look, 
with  increasing  confidence,  for  fhrther  evidences  in  ethereal  oscillations 
of  various  kinds,  and  especially  in  the  electric  and  thermal  undulations 
which  are  indicated  by  the  fundamental  equality.  Edlund's  researches 
point  to  electric  and  thermal  equivalence  of  action  and  reaction,  as  plainly 
as  Maxwell's  point  to  electric  and  photic  equivalence,  and  as  my  own  point 
to  a  like  photic,  electric,  thermal  and  gravitating  equivalence. 

378.     The  Testimony  of  Mars. 

The  many  indications  which  I  have  found,  of  subsidence- orbital  rela- 
tions between  Mars  and  the  asteroidal  belt,  are  supplemented  by  the  direct 
and  reciprocal  influences  (2.5  and  1.5;  see  Note  370),  of  solar  photody- 
namic rotation  upon  the  secular  apsides  and  the  mean  locus  of  Mars,  as 
well  as  upon  intermediate  positions. 

2.5  sec.  per.,  3.277  .6  Jupiter,  m.  a.,  8.256 

1.5  sec.  per.,  1.966  ^  Asteroid  153,  1.977 

2.5  mean,  8.809  .4  Saturn,  m,  3.815 

1.5  mean,  2.286                         Asteroid  136,  2.287 

2.5  sec.  aph.,  4.341  .8  Jupiter,  m.  a.,  4.342 

1.5  sec.  aph.,  2.605                         Asteroid  132,  2.608 

.4  sec.  aph.,  .695                         Venus,  m.  p.,  .696 

Mean  2.711                        Mean  8.711 
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The  greatest  deviation  is  )  of  one  per  cent.  The  two  mean  asteroidal  ac- 
cordances are  nearly  as  exact  as  those  in  Note  371.  All  of  the  direct  and  re- 
ciprocal influences  are  in  the  asteroidal  belt.  The  direct  influence  at  secu- 
lar aphelion  (4.341)  points  to  a  "viscous**  rupturing  influence  of  the 
Jupiter-Salumian  belt  (.4  of  10.855  =  4.342).  The  exact  agreement  of  the 
general  means  is  very  satisfactory. 

374.     Centripetal  Influence  of  Rotary  Vu  Vha. 

Some  of  my  critics  have  supposed  that  it  would  be  possible  to  flnd  har*— 
monic  accordances  with  series  which  were  taken  at  random,  or  with  n<^ 
known  kinetic  basis,  but  none  of  them  have  offered  any  such  accordanc^^ 
to  confirm  their  supposition.     I  have  never  published  any  harmonies  whici^^ 
were  not  the  natural  outgrowth  of  well-known  elastic  laws,  and  the  abun.  — 
dant  confirmation  which  I  have  found  for  my  anticipations  is  beyond  aB  ^ 
cavil  or  gainsaying.     In  Note  370  I  gave  evidences  of  the  centrifugal  inflit  — 
ence  of  rotary  tis  viva,  which  may  be  compared  with  the  following  evi  — 
dences  of  mean  centripetal  influence. 

J  Uranus,  m.  p.,  12.215 

^  (Jup.  and  Sat),  m.  a.,      7.714 

2.5  Mars,  3.809 

i  Asteroid  120,  2.081 

Earth,  s.  a.,  1.068 

Earth  s.  p.,  .932 

Venus,  s.  p.,  .672 

Mercury,  mean,  .387 

Mercury,  s.  p.,  .297 

375.     Lines  of  Force  and  of  Motion, 

Taylor  {op.  dt.  p.  28),  very  properly  calls  attention  to  the  fact  that  "no 
atom  c^n  perform  an  oscillation  or  a  revolution,  or  follow  any  other  path 
than  a  stmight  line,  excepting  under  the  coercion  of  other  atoms  attracting 
and  repelling.  The  first  law  of  motion  is  that  of  perfect  continuity  both  in 
amount  and  in  direction.  A  shuttlecock  rebounding  in  the  empty  air  would 
not  be  more  conspicuously  a  dynamic  solecism  and  impossibility  than  the 
kincmatists  *  vibratory  particle.'  "  His  doctrine  (/^.  p.  9),  that  elasticity  is 
"a  fact  of  nature,  a  property  of  matter,  which  can  neither  be  interpreted 
by  any  form  of  motion,  nor  resolved  into  any  mechanical  concept,"  is  in 
precise  accordance  with  the  due  regard  to  "lines  of  force**  which  guided 
Boscovich  and  Faraday,  and  which  has  been  very  helpful  in  my  own  re- 
searches. My  first  paper  on  barometric  estimates  of  solar  mass  and  distance 
(Proc.  Amer.  Phil.  Soc,  ix,  283-8)  was  attacketl  by  kinematiste,  becauiie  it 
violated  some  of  their  preconceived  notions  respecting  the  composition  and 
resolution  of  forces.  It  did  not  receive  much  favor,  until  the  productive- 
ness of  the  harmonic  methods  showed  tliat  the  composition  and  resolution 
of  motions,  in  elastic  media,  may  often  enable  us  to  dispense  with  intricate 
integrations,  which  it  would  be  difficult,  if  not  impossible  to  solve,  and  that 
it  is  always  safer  to  be  guided  by  the  pacts  of  nature,  than  by  any  precon- 
ceived theoretical  interpretation  of  those  &cts. 


.4  Neptune 

12.014 

.4  Uranus, 

7.673 

.4  Saturn, 

3.816 

.4  Jupiter, 

2.081 

.4  Asteroid  3, 

1.067 

.4  Asteroid  4, 

.944 

.4  Mars, 

.609 

.4  Earth, 

.400 

.4  Venus, 

.289 

1883.]  699  [Rothrock. 

80TM  Microscopic  Dittinetumt  between  Good  and  Bad  Timber  of  the  Same 

Species.    By  Dr.  J,  T»  Rothrock. 

{Read  before  the  American  Philosophical  Society,  February  2,  1883.) 

A  cross  section  of  one  of  our  ordinary  "hard  woods  "  shows,  more  or  less 
conspicuously,  pores  which  are  known  as  ducts,  and  which  from  their  rela- 
tively large  size  are  distinctly  visible  to  the  naked  eye ;  secondly,  it 
shows  much  smaller  pores  which  may,  or  may  not,  require  the  magnifying 
glass  to  detect,  and  whose  walls  constitute  the  woody  fibre  of  the  stick ; 
thirdly,  we  should  have  (assuming  the  specimen  to  be  an  exogen),  the  an- 
nual rings  which  mark,  as  a  rule,  the  limit  of  each  year's  growth  ;  fourthly, 
there  would  be  the  radial  lines  extending  from  the  centre  outwardly  to  the 
bark,  these  being  the  medullary  rays  or  the  so-called  "silver  grain." 

If,  on  the  other  hand,  the  specimen  under  observation  were  one  of  our  or- 
dinary cone  bearing  trees,  the  ducts  would  be  wanting,  and  the  mass  of  the 
section  would  be  composed  of  woody  fibre.  There  may  be  openings  which 
will  resemble  the  ducts  in  hard  wood,  but  instead  of  showing  regularly  or- 
ganized walls,  these  will  be  found  to  represent  simply  openings  left  by  the 
destruction  or  the  separation  of  the  woody  fibres.  They  are  by  no  means 
so  numerous  ordinarily  as  the  ducts  in  an  average  "hard  wood  stick." 

Considered  from  the  standpoint  of  resistance  to  longitudinal  strain,  the 
strength-giving  element  of  wood  is  the  woody  fibre  ;  and  other  things  being 
equal,  it  is  strong  in  proportion  as  the  fibre  walls  are  relatively  thick,  and 
the  fibre  cavities  relatively  small.  Illustrating  this,  we  have  the  following 
cross  sections  of  wood  fibres,  all  magnified  242  diameters  :  1,  is  that  of  Abies 
subalpina  (Pumpkin  Pine)  from  Utah  ;  a  thnber  which  is  almost  worth- 
less ;  2,  is  that  of  our  American  Linden ;  3,  represents  the  Butternut  (or 
Juglans  cinerea) ;  4,  is  the  Pig-nut  Hickory  (or  Carya  porcina)  and  5,  is 
that  of  an  average  sx)ecimen  of  White  Oak  fibre  (Quercus  alba).  Consider- 
ing the  areas  of  the  cavities  in  each  of  these  sections,  the  White  Oak  has 
about  six  times  as  much  wood  in  its  walls,  as  there  is  in  that  of  the  Pump- 
kin Pine — a  fact  which  it  must  be  allowed  will  go  far  toward  explaining  the 
diflferences  in  the  strength  of  the  two  woods.  It  is  true  that  there  may  be 
diflferences  in  the  strength  of  wood  which  are  due  to  the  molecular  differ- 
ences involved  in  the  structure  of  the  fibre,  but  with  these  we  are  probalily 
in  no  position  to  deal.  The  intercellular  substance  which  is  destroyed  by 
boiling  in  nitric  acid  and  potassium  chlorate  is  to  a  certain  extent  an  ele- 
ment in  the  strength  of  wood.  There  can  be  no  doubt  but  that  it  aids  in  in- 
creasing the  friction  between  the  individual  fibres,  and  is  therefore  the  chief 
agent  by  which  these  are  bound  together,  and  thus  resist  longitudinal  strain. 
80  for  as  my  investigations  go,  there  is  less  relation  between  length  of  fibre 
and  strength,  than  there  is  between  thickness  of  fibre  wall  and  strength. 
Some  woods  acquire  additional  strength,  both  longitudinal  and  transverse, 
from  a  twisting  of  the  wood  fibres  among  themselves.  The  Rock  Elm  is  a 
notable  example  of  this  among  our  larger  trees  ;  ae  the  Yiburnum  nudum 
or  Withe-rod  is  among  the  shrubs. 
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So  &r  as  the  ducts  are  concerned,  whfle  the  material  of  which  thej  are 
composed  may  be  quite  as  strong  as  that  of  the  fibres,  yet  owing  to  the 
enormous  cavity  they  contain,  it  is  apparent  that  as  compared  with  fibres, 
they  must  be  much  weaker ;  that  in  fact  every  duct  is  to  be  regarded  as  an 
element  of  weakness  to  the  stick.  Hence  then,  other  things  being  equal, 
the  more  fibres  and  the  fewer  ducts,  the  stronger  is  any  given  stick  of  tim- 
ber as  compared  with  another  of  the  same  species. 

The  question  of  durability  in  exposed  positions  is  quite  another  thing,  and 
has  no  close  relation  to  strength. 

Accepting  the  above  &cts  as  proven,  mere  examination  of  a  cross  section, 
of  timber  with  the  naked  eye,  or  at  most  with  an  ordinary  hand  lens,  ma$r 
afford  a  reasonably  safe  way  of  estimating  the  quality  of  a  given  specimen, 
of  wood. 

Associated  with  the  appearance  presented  by  the  ducts,  and  the  mass  of 
fibres,  is  another  element  of  structure,  i. «.,  that  of  the  annual  rings.   These 
are  usually  caused  as  may  be  seen  (A  and  B  6)  by  the  thick,  fiat  cells  which^ 
are  formed  in  autumn  as  contrasted  (A  and  B  7)  with  the  larger  ones  whicb^ 
mark  the  first  growth  of  the  ensuing  spring.    The  number  of  rows  whicli- 
are  thus  fiattened  in  the  autumn  wood  is  by  no  means  constant.  Sometimes, 
as  in  the  case  of  the  White  Oak,  there  being  but  two,  three  or  four ;  or  as^ 
in  the  case  of  the  Chestnut  being  often  about  eight,  or  more ;  or  as  in  the- 
Bed  wood  of  California  (Sequoia  sempervirens)  as  high  as  fifteen.  As  a  tuI^ 
the  color  in  all  these  autumn  fibres  is  deeper  than  in  those  made  earlier. 
Hence  both  shape  and  color  combine  to  mark  the  ** year's  growth." 

The  term  "year's  growth"  is  one  which  should  not  be  depended  upon 
too  absolutely,  inasmuch  as  it  is  well  known  to  be  misleading  at  times. 
Thus,  in  the  American  Linden,  one  frequently  sees  a  ring  more  on  one  side 
than  on  the  other ;  and  indications  are  not  wanting,  which  would  prove 
that  very  frequently  several  such  rings  may  form  in  our  latitude  in  a  single 
season. 

There  are  some  facts  of  practical  importance  connected  with  the  wood 
formed  during  the  season,  or  to  speak  more  accurately,  with  all  the  tissue 
lying  between  the  denser,  flatter  fibres  which  are  assumed  to  be  formed  in 
the  autumns  of  two  successive  years.  In  White  Oak,  as  shown  by  figures 
A  and  B,  there  may  be  a  great  range  in  the  distance  between  these  zones 
of  flat  fibres.  Thus  fig.  B  shows  that  the  growth  for  the  year  was  about 
twice  that  shown  by  fig.  A.  The  former  of  these  figures  represents  a 
good  specimen  of  White  Oak,  and  the  latter  a  bad  one,  each  having  been, 
carefully  tested  for  strength  by  competent  mechanical  experimenters.  In 
these  instances  the  reason  for  the  difference  in  the  quality  of  the  wood  is 
obviously  in  the  relative  predominance  of  solid  woody  fibre  over  open  ducts 
in  the  good  specimen  (B),  and  the  lesser  quantity  of  wood  as  compared 
with  ducts  in  (A),  the  bad.  It  so  happens  that  in  A  the  diameter  of  the 
duct  (.01430  of  an  inch)  is  greater  by  far  than  in  the  better  wood.  This  can, 
however,  hardly  be  regarded  as  constant.  What  does  appear  to  prevail  in 
White  Oak  is,  the  fact  that  most  of  these  large  ducts  are  made  early  in  the 
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season,  and  that  whether  much  or  little  wood  is  subsequently  formed  the 
number  of  the  ducts  will  not  greatly  vary.  Hence,  then,  for  White  Oak  we 
may  assert  that  the  specimen  with  the  larger  year's  growth  is,  other  things 
being  equal,  the  better.  Very  frequently  two  duct  cavities  are  thrown  into 
one,  so  that  the  width  is  greatly  increased.  These  may  usually  be  distin- 
guished from  true  ducts  by  the  irregular  and  disintegrated  walls,  which 
serve  to  explain  the  process  by  which  the  size  was  attained.*  The  above 
rule,  as  to  the  relation  between  size  of  "year's  growth  "  and  value,  in  Oak 
I  have  made  the  subject  of  some  investigation,  taking  as  te^t  cases  speci- 
mens of  timber  upon  whose  value  opinions  had  been  given  by  the  most 
competent  workers  in  the  wood. 

Hickory,  good  and  bad  (certainly  Carya  alba  and  C.  porcina),  involves 
another  clement  than  mere  size  of  the  annual  ring.  Though  I  must  here 
add  that  the  best  bit  of  G.  porcina  I  have  ever  seen  was  also  one  that  had 
the  largest  year's  growth  I  had  ever  seen.  In  this  wood  (Hickory),  the 
large  ducts  are  not  so  clearly  limited  in  their  production  to  the  early  part 
of  the  season  (especially  if  the  stick  be  one  of  poor  quality),  but  are,  or  may 
be,  clearly  scattered  through  the  wood.  And  the  quality  of  the  wood  is  de- 
termined mainly  by  the  number  and  size  of  these  ducts.  Thus  in  bad  Pig- 
Nut  Hickory  (C.  porcina)  I  find  in  a  surface  of  a  quarter  of  an  inch  square, 
sixty-five,  each  with  an  average  size  of  .01428  inch  ;  as  against  twenty-seven 
ducts  having  an  average  width  of  .01224  inch  in  good  Hickory  of  the  same 
species. 

To  a  greater  or  less  extent  the  same  statements,  as  to  cause  of  difference 
between  good  and  bad  qualities  of  Chestnut,  and  Locust  (Robinia  pseud- 
acacia),  will  apply. 

Figure  C.  illustrates  the  marked  tendency  which  the  ducts  have  to  be  as- 
sociated in  Hickory.  It  also  shows  the  effect  of  the  growth  in  pushing  aside 
one  of  the  medullary  rays,  9  b.  It  is  not  uncommon,  however,  in  this  wood 
to  find  these  rays  broken  by  the  growth  of  the  duct,  and  in  Oak  this  is  still 
less  rare.  I  have  frequently  seen  specimens  of  bad  White  Oak  which  were 
as  porous  as  the  average  Red  Oak,  the  ducts  being,  as  shown  by  the  micro- 
meter, quite  as  great  in  their  diameter. 

The  medullary  rays  or  "  silver  grain  "  appear  also  to  have  important  re- 
lation to  value  of  Oak  certainly,  and  probably  of  Hickory,  to  say  nothing 
of  other  kinds  of  timber.  The  fibres  and  ducts  are  ordinarily  characterized 
as  the  vertical  system  from  the  line  in  which  they  are  elongated.  With 
equal  propriety  then  the  medullary  rays  are  spoken  of  as  the  horizontal 
system  of  the  plant,  because  they  are  elongated  at  right  angles  to  the  fibres 
and  ducts.  From  the  thick  walls  of  the  cells  constituting  these  rays,  we 
might  suppose  they  had  to  do  with  the  lateral  strength  of  the  timber.  This 
view  is  partiaXLy  confirmed  by  a  microscopic  examination  of  the  cross  sec- 
tion of  the  different  woods ;  as  upon  the  whole,  Red-wood,  Chestnut  and 
White  Pine  show  either  that  these  rays  are  fewer  in  number  or  less  strongly 

•  Very  often  this  process  of  disintegration  of  the  wall  may  convert  a  true 
dnct  into  a  mere  cavity  without  walls. 
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developed  than  )n  the  Tupelo  (NyMaTnuliiflorn),  or  In  a  apecimeii  or^»>n] 
Willie  Onk.  Hrm'cver,  in  Dinking  comiurUons  nf  tlijs  klni!.  wc  mnM  be 
caraful  to  make  them  at  points  equidifiiant  from  Ibe  c«ioIt«  ;  and  w  aota 
whether  tbeae  rays  extend  to  Oie  centre,  or  onlj  part  wny  in  lh)m  the  lart 
toward  the  heart  of  The  tree,  as  this  latter  circnniBtance  dctermfnea  Ihrit 
age,  auil  also  generally  their  relative  strength.  ]□  such  Hpectee  ortitutwru 
luive  raya  exlending  vertically  over  two  or  more  incheit.  as  In  ternis 
of  the  Okks,  [he  ray  often  Indicates  the  line  of  cosiest  ejillttlDg.  as  is  nflrn 
Been  iiy  (lie  efl«:t  of  drying  upon  the  exposed  end  of  such  liniber.  Tliis  h 
not  an  Inralidation  of  iJio  atatemont  tliat  one  f\incllon  of  Ike  rays  apx**** 
to  bd  to  give  lateral  tenacity,  f.  e.  to  Huch  portions  of  solid  wood  aii  i)«  ^r' 
iweeii  ihe  rnys.  They  form  as  it  were  a  dinin  binding  the  pcriphirj-  to  ihe 
centre,  but  offer  no  resistance  to  the  sepamtion  of  one  woody  wedge  «hlrh 
they  outline  from  anolbor  sueh  wedge  wliich  is  plaoi'd  alongside.  If  llilt 
beao,  then  snchspecimensofwoodBBhavn  the  myBinptured  bypnmmdi- 
menl  of  duels  or  by  any  process  of  disint^gr&iion  would  be  t«mvi|>uniliii^1j 
wuikcned.  It  tsfurthennore  worthy  of  note  tltnt  In  such  sperimrnt  nf  guoil 
Whlio  Oak  (Querciisalbft),  and  good Plg-Nnt  Hickory  (C.  porcini)  u  ep«a 
actual  trial  had  proven  to  be  the  b«st,  the»e  mys  were  as  n  rule  cither  moM 
numerous,  or  beat  developed,  or  both. 

£xamincd  microscopically,  the  cells  making  up  these  mys  prnwnl  m    I 
MppeHmnce  when  viewed  from  the  side  like  figure  D.     That  i«  lo  wy  ibry     | 
tire  quudmngular,  thick  walled  and  with  numerous  tliin  places  in  n  hicL  tl»^ 
primary  cell  wall  may  or  may-oot  remain.  Their  very  apt>t^iirance  •■iii!p«>i     i 
a  somewhat  easy  cominunicalion  between  those  ^cells)  which  are  adjoceoi, 
and  thus  allord  a  probable  exptanalioii  of  the  fact,  that  wlien  the  ^Iircli 
made  in  summer  by  the  younger  portion  of  the  tree  is  being  conveyed  inio 
the  interior  of  the  branches  for  winter  stomge,  these  rays  appear  to  funiL'li 
the  most  available  avenues  fur  accomplishing  the  work,  and  micro-chemi- 
cal tests  show  that  it  is  niost  abundant  in  them.    While  tlie«c  thin  orojieii 
jilaces  in  the  cells  of  the  mcdulUr  ray  usually  communicate  with  esfh 
other,  it  is  remarkable  thai  Ihey  are  much  fewer  in  the  sides  towaril  the  ducts 
and  fibres. 

Il  would  be  exceedingly  interesting  to  know  bow  far  Ibe  facts  indiraleJ 
by  Ibis  iBiiHT  would  conform  to  Ihe  vulue  of  timber  as  determined  by  spt- 
cilic  gravity. 

EXPLANATION  OF  ILLUSTRATIONS- 

1.  Cro'.i^  Suction  of  Abies  subalpina  wood  fibre  X  243. 
a.       '■         -■  Tilia  Americana   "        "      X  342, 

3.  •'         "  Juglanscinerea,    ■'        "     X  242. 

4.  "         "  Carva  porcina,      "        "      X  243. 

5.  ■'  "  Quercu.?  allM         "         "      X  343. 
C.  A  and  B.     Flattened  cells  made  in  autumn. 

7.  ■■  '■     Larger  cells  wliich  indicate  growth  of  following  spriog- 

8.  ■■  "     0]*n  ducts  seen  in  cross  section. 
0.     "  ■'     Medullary  rays. 
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Frazer.l  w4  [March  ^ 

A.  Cross  section  of  bad  White  Oak  X  135. 

B.  •'         *'  good     *'        *'    X  135. 

C.  *'         *'  Carya   porcina  X  112,  grouping  of  ducts  and  pushing 

aside  of  Medullary  rays. 

D.  Fragment  of  Medullary  ray  showing  the  pits  or  pores  in  the  walls,  X  300. 


An  improvement  in  the  construction  of  the  ffypaometrical  Aneroid,   By  Dr. 

Persifor  Frazer, 

(Read  before  t?ie  American  Philosophical  Society,  March S,  188S.) 

While  in  France  last  year  the  idea  occurred  to  the  writer  to  lessen  the 
weight  of  the  delicate  Hicks  Barometer  by  constructing  as  much  as  possi- 
ble of  it  of  aluminium.  Supposing  that  this  could  be  done  without 
difficulty,  though  of  course  at  an  increased  expense,  the  writer  devised  a 
case  of  cork  to  contain  it,  and  wrote  to  Mr.  Hicks  of  London  asking  him 
to  make  the  attempt.  After  a  number  of  interviews  it  was  finally  estimated 
that  the  cost  of  the  new  form  of  aneroid  should  not  exceed  £10,  or  just 
double  that  of  the  ordinary  instrument  of  brass  in  a  wooden  case.  Delays 
were  experienced  from  the  beginning  and  added  very  much  to  the  expense 
of  the  instruments  when  they  finally  arrived  here. 

First  it  was  found  difficult  to  produce  an  aluminium  dial  plat«  with  a 
graduation  of  the  requisite  delicacy  and  accuracy.  Then  the  internal 
supports  could  not  be  easily  cast  in  that  metal  of  the  shapes  necessary  to 
build  the  frame  for  the  more  delicate  moving  parts. 

Finally  the  writer  was  obliged  to  leave  England  without  having  received 
the  barometers.     When  they  arrived  a  few  days  ago  the  Government  duty 
on  them  was  $30.40  a  piece,  added  to  which  Mr.  Hicks  had  found  it  neces- 
sary to  increase  the  original  charge  of  £10  to  £15  apiece.     In  consequence? 
they  cost  a  little  over  $105  apiece. 

Tliey  are,  however,  crediUible  to  Mr.  Hicks's  workmanship,  and  if  their' 
manutacture  should  increase,  could  no  doubt  be  obtained  at  a  very  mucL 
reduced  price.* 

In  order  to  prevent  the  breaking  of  the  cork,  by  friction  on  the  clothing, 
a  light  canvas  cover  was  added,  weighing  50  grams. 

The  following  is  a  comparison  of  the  weights  of  the  ordinary  Hicks 
barometer  with  one  of  them. 

Old  form.  New  form. 

Case  and  strap,                400  grams,  (wood)  150  grams,  (cork) 

Aneroid,                          1000     "        (brass)  400       "       (Aluminium) 

Canvas  cover,  50 


Total  weight,  1400     "  600 


i< 


<« 


<(  ti 


or  3.09  lbs.  (av.)  1.323  lbs.  (av.) 

The  ordinary  instrument  weighs,  therefore,  2i  times  as  much  as  the  new 
form,  the  weight  of  the  old  case  being  closely  that  of  the  new  barometer. 

*  A  letter  received  from  Mr.  ITIck^^,  nfter  the  above  was  in  print,  reiterates 
the  dlfttciilties  with  which  he  contended,  and  states  tliat  notwithstanding  tlie 
experience  guined  Id  mulling  mine,  he  cannot  deliver  thetu  tor  less  tbun  X15 
apiece. 
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Some  Comparative  Tables  showing  the  Distribution  of  Ferns  in  the  United 
States  of  North  America,    By  Oeoi'ge  K  Davenport 

{Bead  before  the  American  Philosophical  Society,  February  f,  1SS3.) 

The  following  tables  have  been  prepared  for  a  Text  Book  and  Manual 
of  the  Ferns  of  North  America  (north  of  Mexico),  but  are  believed  to  be  of 
sufficient  interest  to  justify  publication  in  advance. 

The  attention  of  botanists  is  called  to  them,  and  their  cooperation  solicited 
in  enabling  the  writer  to  render  them  more  complete  and  accurate  for  final 
publication. 

These  tables  are  necessarily  incomplete  in  their  present  form,  no  reliable 
data  for  all  of  the  States  and  Territories  being  readily  accessible.  The  num- 
ber of  species  credited  to  many  of  the  States  might  have  been  increased  by 
assuming  the  presence  of  certain  species  from  their  well  known  geographical 
range,  but  it  was  thought  best  to  give  only  those  which  could  be  verified, 
or  had  been  vouched  for  by  good  authority. 

Where  a  doubt  exists  in  regard  to  the  presence  of  a  species  said  to  have 
been  collected  in  any  State,  and  such  doubt  is  not  sufficient  to  justify  exclu- 
sion, the  species  is  credited  with  a  query  to  indicate  the  uncertainty  of  its 
verification. 

All  varieties  are  excluded  except  where  a  variety  stands  as  the  sole  repre- 
sentative of  the  species  itself. 

My  thanks  are  due  to  John  II.  Redfield,  Dr.  George  Engelmann,  Professor 
D.  C  Eaton,  J.  Donnell  Smith  and  Wm.  Stout  for  many  additions,  and  it 
will  further  aid  me  greatly  if  others  will  send  to  me  accurate  lists  of  the 
species  and  varieties  known  to  grow  naturally  in  their  respective  States. 

The  list  of  ferns  as  given  below  may  undergo  some  changes  before  final 
publication,  the  numbers  correspond  to  those  given  in  the  tables  : 


1.  Acrostichum  aureum. 


18.  Notholoena  Lemmoni. 


2. 

Polypodium  Plumula. 

10. 

<< 

Fendleri. 

3. 

(( 

pectinatum. 

20. 

11 

dealbata. 

4. 

(< 

vulgare. 

21. 

II 

nivea. 

5. 

(< 

falcatum. 

22. 

II 

Newberryi. 

6. 

(< 

Californicum. 

23. 

II 

Parryi. 

7. 

<« 

incanum. 

24. 

II 

tenera. 

8. 

i< 

Scouleri. 

25. 

Cheilanthes  Californica. 

9. 

(( 

Phyllitidis. 

26. 

II 

Wrightii. 

10. 

i< 

aureum. 

27. 

ti 

viscida. 

11. 

Gym.  triangularis. 

28. 

II 

microphylla. 

12. 

"     hispida. 

29. 

II 

Alabamensis. 

13. 

Notholffina  sinuata. 

30. 

II 

leucopoda. 

14. 

*t 

femiginea. 

31. 

II 

vestita. 

16. 

II 

Candida. 

82. 

II 

Coopene. 

16. 

l€ 

Hookeri. 

83. 

It 

lanuginosa. 

17. 

*t 

GrayL 

34. 

It 

gracillima. 
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85. 

36. 
37. 
38. 
89. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

66. 

67. 

68. 

69. 

70. 

71. 

73. 

73. 

74. 

75. 

76. 

77. 

78. 

79. 

80. 


Cheilanthcs  tomentosa. 
Baton  i. 


(< 


ti 


tt 


tt 


tt 


It 


a 


Fendleri. 

Clevelandii. 

Parisliii. 

Lindheimeri. 

myriophylla. 

argent  ea. 
Cryptogramme  acrostichoidcs. 
Pellsea  gracilis. 
Breweri. 
Bridgesii. 
atropurpurea. 
aspera. 


It 


tt 


tt 


tt 


tt 


tt 


"Wrightiana. 


tt 


tt 


tt 


tt 


it 


tt 


tt 


it 


I  ( 


t  < 


tern  i  folia, 
ornithopus. 
brachyptera. 
androniedccfolia. 
cordata.  ? 
flexuosa. 
pulcbella. 
densa. 
Pteris  longifolia. 
Cretica. 
serrulatd. 
aquilina. 
Ccratoptcris  tbalictroides. 
Ad  inn  turn  pedutum. 

cmarginatum. 
tricliolcpis. 
capillus-veneris. 
tenerum. 
Vittaria  lineata. 
Tienitis  lanceolata. 
Blcclnuini  serrulatum. 
Lomaria  spicant. 
Wood  ward ia  radicans. 
Virginica. 
a  n  gust  i  folia. 
Camptosorua  rbizopbyllus. 
Scolopendriiim  vulgare. 
Asplenium  serratura. 
"  pinnatifidum. 

**  ebenoides. 

ebeneuni. 


<  < 


tt 


( ( 


<  ( 


( i 


(( 


tt 


81. 

82. 

83. 

84. 

85. 

86. 

87. 

88. 

89. 

90. 

91. 

92. 

93. 

94. 

95. 

96. 

97. 

98. 

99. 
100. 
101. 
102. 
103. 
104. 
105. 
106. 
107. 
lOS. 
109. 
110. 
111. 
112. 
113. 
114. 
115. 
116. 
117. 
118. 
110. 
120. 
121. 

10O 

123. 
124. 
125. 
126. 


Asplenium  parvulum. 

Trichomanes. 

viride. 

dentatum. 

montanum. 

Bradleyi. 

Huta-muraria. 

scptentrionale. 

firmum. 

myriophyllum. 

cicutarium. 

angustifolhim. 

tbelypteroides. 

FiHx-foemina. 
Phegopteris  polypodioides. 
hexagonoptera. 
Dryopteris.* 

alpestris. 
Aspidlum  Loncbitis. 

acrosticboide^. 

munitum. 

aculeatum. 

Mobrioides. 

Tbelypteris. 

Noveboracense. 

Kcvadense. 

Oreopteris. 

conterminum. 

patens. 

fragrans. 

spinulosum. 

Boottii. 

cristatum. 

Floridannin. 

Goldieaniim. 

rigid  urn. 

Filix-mas. 


tt 
tt 
tt 
tt 
tt 
tt 
tt 
it 
it 
tt 
tt 
tt 
tt 


tt 


«t 


tt 


tt 

tt 

tt 

tt 

tt 

(t 

tt 

tt 

ft 

tt 

tt 

1 1 

tt 

tt 

tt 

tt 

It 


tt 
It 
It 


niarginale. 


«( 


«i 


unitum. 
juglandifoliuni. 
trifoliatum. 
Onoclea  sensibilis. 

'*        Strutbiopteris. 
Cystopteris  fragilis. 
bulbitera. 
montana. 


( < 


It 


PhegopteriB  calcarea  Is  included  here  as  a  varletj'  with  Hooker  and  Bilker. 
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127. 
128. 
129. 
130. 
131. 
132. 
133. 
134. 
135. 
13C. 
137. 
138. 
139. 
140. 
141. 


Woodsia  Ilvensis. 
glabella. 


1 1 


tt 


It 


<< 


it 


tt 


hyperborea. 

scopulina. 

Oregana. 

Mexicana. 

obtusa.* 
Nephrolepis  exaltata. 
Dicksonia  pilosiuscula. 
Trichomanes  Petersii. 
**  radicans. 

Schizffia  pusilla. 
Aneimia  Mexicana. 
"      adiantifolia. 
Lygodium  pal  malum. 


142.  Osmunda  regalia. 

143.  "        Claytoniana. 

144.  "        cinnamomea. 

145.  Botrychium  simplex. 


146. 
147. 

148. 
149. 
150. 
151. 


tt 


tt 


tt 


tt 


tt 


tt 


Lunaria. 

boreale. 

matricariffifoliam. 

lanceolatum. 

tcrnatum. 

Virginianum. 


152.  Ophioglossum  vulgatum. 

153.  **  crotalophoroides. 

154.  **  nudicaule. 

155.  **  palmatum. 


Tables  Showing  Distribution. 


Numbers  correspond  with  those  to  the  List. 
♦Verified  or  credited  on  good  authority. 
^Uncertain,  or  not  positively  verified. 

TOTAL. 

Alabama— 4,  7,  29,  31?,  47.  60.  61,  63,  66.  75,  78,  79,  80,  81,  82,  85,")    ^^^ 
86.  92,  93,  100,  105,  118,  133,  135,  136,  137,  142?,  150,  152,  V    ^^ 
153,  154.  ) 

Alaska— 4,  42?,  43,  63,  71,  95,  97,  98,  102,  107,  111,  124,  126,  145,  |    19» 
146,  147,  148,  149,  150,  152.  j     1? 

Arizona— 4,  11,  12,  13,  14,  15,  16,  17,  18.  19,  20,  21.  23,  26,  29,  33? 

35.  36,  37,  40,  41,  43?,  47,  49,  53?,  54,  55,  61,  63,  66,  104, 

109,  117,  124,  130,  131,  132,  133,  151,  152. 
Arkansas— 4.  7,  20,  29,  31,  33,  35,  47,  61,  63,  66,  73,  74.  75,  78,  80,  '\ 

81,  82.  86,  87,  93,  94.  95,  96,  100,  104.  105.  Ill,  113,  118,  v    41* 
122,  123,  124,  125,  133,  142,  143,  144,  150,  151,  152.  ) 

California— 4,  5.  6,  8,  11,  15,  22,  23,  25,  27,  32,  33?,  34,  37,  38,  39,  ^ 
41?,  43,  45,  46.  49,  51,  52,  53,  57,  61,  63,  64,  65?,  66,  71,  72, 

82,  94,  95?,  98,  101,  102,  103,  106,  109,  110,  124,  130,  131, 
145,  150,  151. 

Colorado— 4,  19,  33.  36,  37,  43,  44,  45,  47,  49,  61,  80,  82,  88,  94,  |  25* 

97,  99,  117,  124,  126,  130,  131,  145?,  146,  149,  151.  j  1? 

Connecticut— 4,  47,  61,  03,  73,  74,  75,  79,  80,  82,  87,  94,  95.  96,  97,  ^ 

100, 104, 105,  111,  112,  113,  115,  118.  122,  123,  124,  125,  127,  '  40* 
133,135,  141,  142,  143,  144,  146,  148,  149,  150,  151,  152.         ) 

Dakota— 4.  33,  47,  61,  97,  99?,  Ill,  117,  122, 124, 125, 127, 130,  131,  |  15» 

150,  151.  I  1? 

♦  WoofUia  Plummerce  Lemmon  (Botanical   Gazette  Jan.  1832),  Is  apparently 
ft  very  glandular  form  ol  this  species. 
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Delaware— 4,  61,  63,  73.  74,  75,  80.  82,  93,  94,  96,  100,  104,  105,  ^ 

112,  113, 115,  118, 122, 1^7,  133.  135, 142,  143,  144, 150, 151,  [  28* 

152.  3 
Di8T.  OP  Columbia— 4.  47,  61,  63,  74.  80,  82,  92,  98,  94,  96,  100,  ^ 

104,  105,  111,  118,  122,  125,  133,  141,  142,  143,  144.  150,  '    26* 
151,  152.  3 

Florida— 1,  2,  3,  7.  9,  10,  28,  58,  59,  61.  62,  66,  67.  68,  69,  70.  73,  ^ 

74,  77,  80,  81?,  82,  84,  89,  90,  91,  94,  96.  100,  104,  108,  109,  !    46* 
114,  119,  121,  122,  134,  136?,  140, 141,  142,  143. 144, 150,  151,  |    2? 

153,  154,  155. 

Georgia— 29,  31.  61,  73,  74,  75,  81,  85,  93,  122,  133,  142,  144,  154.        U» 
Idaho— 61,  94,  102.  3* 

Illinois— 4,  7,  33,  47,  61.  63,  73?,  75,  78,  80,  82,  98,  94.  95,  96,  97, 

100.  104.  105,  111?,  118.  122, 123, 124,  125, 133, 135.  142,  143, 

144.  150,  151. 
Indiana— 4,  7,  31,  47,  61,  63,  73,  75,  78.  80,  82,  87,  92.  93,  94. 

96,  1*00    104,  105,  111?,  115,  117?,  118,  122,  123,  124,  125, 

133,  135,  142,  143,  144,  150,  151,  152. 

Indian  Territory— 36,  47,  115,  133.  4* 

Iowa— 4.  33,  44,  61,  63,  80,  82,  94,  95.  9* 

)   10* 
Kansas- 20,  31?,  47,  63,  75,  92,  115,  122,  124,  133,  151.  [   ^, 

Kentucky— 4,  7,  31,  a5,  47,  61,  63,  66,  75,  78,  79.  80,  81,  82,  85.  86,)  ^^t 
87,  92.  93,  94,  95.  96,  100.  104.  105.  111.  113,  115.  118,  132,  [   ,., 
124,  125, 127?,  133,  135,  137,  141. 142, 143. 144,  150,  151.  152?.  ) 

Louisiana— 7,  61,  63,  73,  74,  80,  92,  93,  94,  95,  100,  104,  105,  109,  | 

111,  114,  122,  125.  142,  144.  150,  151,  153.  |  "^ 

Maine-4,  61,  G3,  73,  80,  82,  94.  95,  90,  97,  100,  102?,  104.  105,  110.  )  ,^ 
111,  112.  113,  115,  118,  122,  123.  124,  125,  127,  133,  135,  '  ^^ 
142.  143,  144,  145,  148,  149,  150,  151,  152.  3    ^ 

Maryland-4.  31,  61,  63,  73,  74,  75,  78,  80,  82,  85,  87,  93,  94.  95,) 

96,  100,  104.  105,  111,  112,  113,  115,  118,  122,  124,  127,  133,  -   3^* 
135,  14J,  142,  143,  144,  150,  151,  152.  3 

Massachusetts— 4.  44,  47.  61,  63,  73,  74,  75,  80,  82,  87,  92,  93,  94, 
95,  90.  97,  100,  104.  105,  111,  112.  113,  115,  118.  122,  123. 
124,  125,  127,  133,  135,  141,  142,  143.  144,  145.  148,  149, 
150,  151,  152. 

MiciiroAN— 4,  43,  44,  47,  61,  63,  73,  74,  75,  80.  82,  87.  92,  93,  94,  95, 
90,  97,  99,  100,  102,  104,  105.  110,  111,  112,  113.  115,  117, 
118,  122,  123,  124,  125, 127,  131,  133,  135,  142,  143,  144,  145, 
146,  14S,  140,  150,  151. 

Minnesota— 4.  31,  44,  47,  61,  63,  75,  93.  94.  95,  97,  100,  104,  110,   ) 

111,  115,  118,  123,  125,  127.  130,  143,  150,  151.  j    ^ 

Mississippi— 7,  60,  73,  80,  94,  96,  100,  122,  142,  144,  150.  1 


25* 


1888.]  609  [Davenport. 

MissoxjRT— 4,  7,  20,  31.  33,  35,  47,  61,  63,  66,  75,  78,  80,  82,  92,  93, 
•     94.  96.  100,  104,  111,  118,  122.  124,  126,  188,  185,  142.  143, 
144.  150,  151.  152. 

Montana— 4,  97,  99,  111,  122.  124,  125,  127,  150,  151. 

Nebraska— 4.  33,  44,  47.  61,  63.  75,  80,  82,  92.  94.  95,  96,  99,  104, 
105,  110,  111,  113,  118,  124,  125, 127, 138,  135. 142,  143, 144, 
150,  151. 

Nevada— 37,  103. 

New  Hampshire— 4,  44?,  47?,  61,  63.  73?,  75?,  80.  82,  87?,  93,  94,  95. 
97.  100,  102.  104.  105?,  110.  Ill,  112?,  113, 115,  118,  122, 123. 

124,  125?,  127,128,133.  135,  142.  143,  144. 148,  150,  151,  152. 
New  Jersey— 4,  31,  44,  61.  63,  73,  74,  75,  79?.  80,  82,  83,  85,  87,  93,  ^ 

94,  96,  100,  104,  105,  111,  113,  115,  118,  122,  124,  125,  127,  ' 
13^  135,  138,  141,  142,  143,  144,  149,  150,  151.  152.  ) 

New  Mexico— 12,  13,  14,  16.  19.  20,  21?.  26,  28?,  29,  33,  34,  36,  37,  ^ 

40,  47.  48?,  49,  50?,  54.  55?,  56,  66,  81.  82,  88,  124,  131?  132,  >    ^ 
133,  139.  3     ^• 

Nbw  York— 4,  31,  44,  47,  61,  63,  78,  74.  75,  76.  79.  80,  82.  85,  86, 

87.  92.  93,  94,  95,  96,  97,  100.  102,  104,  105,  110,  111,  112,  [   52* 
113,  115,  118,  122,  123,  124, 125, 127,  128. 129,  133.  135, 141, 
142,  143,  144,  145,  146,  148,  149,  150,  151,  152. 

North  Carolina— 4,  7.  29,  31,  35,  47,  61,  63,  66.  74,  75,  78,  80,81,  ^ 

82,  80.  87,  92,  93,  94,  96.  100,  104.  105,  111,  118,  122.  124.  V    39* 

125,  127.  133,  135,  141,  142,  143,  144.  150,  151,  152.  ) 

Ohio— 4,  7,  47,  61,  63,  73,  75,  80,  82.  87.  92.  93.  94.  95,  96,  97,  100,  *] 

104,  lai.  Ill,  113,  115,  118,  122,  123,  124,  125,  127?.  133?,  ^    ^^ 
135,  142,  143,  144,  150,  151,  152.  J 

Oregon— 4,  5,  6,  8,  11,  34,  43,  46,  57,  61,  63.  64,  71,  82,  94,  97,  98,  \ 
101,  HI,  124,  130,  131,  133,  151.  ) 

Pennsylvania— 4.  31.  44,  47,  61,  63,  73,  74?,  75,  78,  79,  80,  82,  85,  ^ 
87,  92,  93.  94.  96,  97,  100,  102,  104,  105,  111,  112,  113,  115, 
118.  122.  123.  124,  125,  127,  133,  135,  141,  142    143.  144,  f    2? 
148?,  150,  161,  152. 

Rhode  Island— 4,  61,  63,  73,  74,  75.  80,  82.  93.  94,  95,  96,  97,  100, 

104,  105,  111,  112.  113, 118, 122,  123,  124,  125,  127,  133,  135.  J-    34* 
141,  142,  143,  144.  150,  151,  152. 
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South  Carolina— 7,  73,  80,  82,  84?,  109,  150,  153,  154. 

Tknnessee— 7,  29.  35,  61,  63,  75,  76.  78,  81,  82,  85,  86,  87,  100,  111,  ) 
124,  125,  133,  135,  137,  141,  152.  j 

Tbxas— 7.  12,  13,  14,  15.  16.  20.  20,  28,  29.  30,  33,  35,  40.  47,  48,  49,  >| 
50,  54,  55,  56,  61,  65,  66,  80,  81,  82,  109,  120,  121,  132,  133,  ' 
139,  152,  153.  J 


8* 
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Utah— 23,  24,  33,  43.  45,  57,  61,  68,  66,  94,  99,  108,  117,  130.  131.  15* 

Vermont— 4,  44,  47,  61.  63.  73,  75.  80,  82.  83,  87,  92.  93,  94,  95,  96,  i 

97.  100.  102.  104.  105,  110,  111,  112,  113.  115,  118,  122. 123,  [ 

124,  125,  127, 128,  129,  133,  135. 142,  1^,  144,  145.  148, 149, 

150,  151.  152. 
Virginia,  including  W.Va.— 4,  7,  31,  35,  61.  63,  66.  74,  75?.  80,  81, 

83.  85,  87.  92,  93.  94.  97,  104,  105,  111,  113,  115,  118,  124, 

127,  133.  135.  141,  142?,  144?,  150,  151. 
Washington  Territory— 4,    5,  8.  11,  34,  43.  57,  61,  63,  71,  82,  | 

94,  99,  101,  103,  111.  124,  130,  145,  150,  151,  152.  ) 

Wisconsin— 4,  31,  33.  44    47.  61,  63,  75,  80,  82,  92,  93,  94,  95,  97.  ^ 

100.  104,  105,  110.  Ill,  113. 115,  118, 122,  123,  124,  125, 127,  I  35* 

133.  135.  142,  143,  144,  150,  151.  J 

Wyoming  Territory— 57,  131,  145,  150.  4* 

Remarks.  No  positively  accurate  comparisons  can  be  made  from  the 
incomplete  data  furnished  by  these  partial  tables,  but  so  far  as  now  known. 
New  York.  Michigan,  Florida,  Vermont  and  California,  in  tlie  order 
named,  have  the  greatest  number  of  species  of  ferns  within  their  respective 
limits. 

In  the  first,  second  and  fourth  of  these  States,  the  number  has.  in  all 
probability,  reached,  or  very  nearly  reached,  its  maximum,  while  in  the 
third  and  fifth  it  is  likely  to  be  largely  increased,  and  those  States  from 
their  favorable  situations,  climates,  and  comparatively  extensive,  unex- 
l)lored  territory,  will,  undoubtedly,  lead  all  other  States  in  tlie  future. 
Arizonji  and  Texas  alone  being  at  all  likely  to  compete  with  them  for  the 
liii^hcst  place. 

If.  however,  we  distribute  our  ferns  according  to  the  number  of  square 
miles  of  territory  which  each  of  the  five  fii*st  named  States  contains,  then. 
Vermont  will  lead  the  others,  her  ratio  being  as  1  fern  to  every  2*2(5§  square 
miles,  that  for  New  York  as  1  to  814,  Michigan  1  to  1191^,  Florida,  1  to 
12H9,  and  California  1  to  4295J  square  miles  of  territory. 

Taking  the  extremes  of  the  territorial  limits,  excluding  the  District  of 
Columbia,  which  has  1  species  to  each  2^  miles  of  territory.  Rhode  Island 
ixives  us  1  species  for  each  3Sj,  and  Delaware  1  to  75,  as  compared  with 
Pennsylvania's  1  to  109i,  Colorado's  1  to  4200  and  Texas  1  to  7878|  square 
miles. 

If  we  take  an  average  of  the  fern  flora  for  the  different  geographical 
sections  of  the  United  States,  on  the  basis  of  the  present  list,  New- 
England  gives  us  an  average  of  40  species  for  each  State,  the  Middle 
Atlantic  States  40,  the  South  Atlantic  27,  the  Gulf  States  23,  and  the 
Central  States  25,  the  Pacific  States  23,  and  the  Territories  an  average  of  19. 

The  returns  from  most  of  the  Territories  are  altogether  too  meagre  at 
present  to  permit  of  any  comparisons,  and  those  already  made  will  neces- 
sarily undergo  considerable  modification  as  the  gaps  in  the  lists  for  other 
States  fill  up. 

But  while  no  absolutely  reliable  comparisons  can  be  made,  nor  the  pre- 


611 

limits  of  ondi  species  be  Uelerinined  from  (lie  prpsciit  incoiiipletB 
kbltss,  wo  iii»y  ascerlftin  Cnmi  ilicin,  with  a.  loleriible  dosroo  of  ci'riainty, 
W  miigo  of  certain  species,  and  And  maiorial  forsotneialcresting  ot)3erTa- 
ona.  * 

Thus  we  find  llie  cosmopolilan  Aiplenium  tricliomttnn  nnd  Ptfrit  niji/i- 
M  in  tliirly-fi»e  and  tliirty-nlne,  out  of  Iht  forly-riglit  Stales  and 
hrrltorlca  respectively,  while  tbeiv  actual  presence  in  a  greater  num- 
niay  be  eafuly  assumed,  Pulgpudiii.in  ciiJg'irf  nppenra  in  litlrty- 
)rrc,  with  the  laoie.  or  an  even  greater  pmbnliiliij'  of  Its  occnr- 
{  In  olliora  in  Its  favor.  wUlle  its  near  congeners,  /*.  C'llifomieum, 
i  P.  /atealum,  as  well  as  P.  aeouleri  are  reatricled  to  Iwo  or  three  States. 
'tha  remaining  Poly  pod  im  lis,  aii  imi  ineanum,  wliicli  appears  in  iwclvo 
itee  are  restricted  to  llie  single  SlHt«  of  Florida,  wbicli  furthermore 
iQOpolizes  all  the  species  we  have  in  sis  genera,  ilic  tropical  eharacler 
these  being  at  once  indicated  by  this  fuel. 
The  only  other  Stnto  (since  the  discovery  of  Scolopendriiim  In  Tennessee 
divided  Willi  Now  York  tlie  honor  of  iliat  ferns  presence)  whicli  iniiy 
r  claim  a  monopoly  of  a  genus  is  New  Jersey,  the  very  local  Sf.liiioa 
^g  restricted  to  a  portion  of  its  limits  and  a^^iii  restricted  to  a  single 
ftOa. 

Adtattiiin  ptdalum  occurs  in  thirty -five  States  or  Territories,  wtdtc  its 
jBgeoer,  A.  eapilliiA-eeneriii,  is  restricted  to  tliirteon,  and  llie  tropical  A. 
mtrum  to  a  single  State. 

The  Osniundas  an.'  represcnled  by  one  or  more  aped  a  in  tweuly'Oine, 
Uoclca  in  twenty  eight  Slates  or  Territories,  and  these  probably  occur  in 
ore!  allhougU  not  reported  west  of  the  Ilocky  mountains.  0.  it.itibUis_ 
Bends  aa  far  west  as  Dakota  and  MoniaDa,  and  in  the  last  mentioned 
tnitory  ia  said  lo  have  been  discovered  in  a  fossil  slate. 
•Cg»t«pUri*  fragilU  extends  .from  Maine  to  California,  lliraugU  thirty- 
Me  Slates  and  Territories,  api>arentiy  avoiding  the  South  Aiiamic  and 
II  Btntes,  with  the  exception  of  North  Caroiina.  while  C.  bulh^fera  occurs 
L  tWCDty-flve,  covering  a  more  unequal,  but  broader  range  south  and 
\,  tile  limits  of  which  termiuale  in  Louisiana  and  Dakota,  C  montann 
TK»nlly  discovered  in  Colorado  by  Brandcgee  is  reported  elsewiiere  In 
ItJfliled  States  only  from  Alaska.  The  Aspidia  are  represented  in  forty- 
|r,  the  Asplenia  and  Botrycbia  in  forty-one  States  or  Territorli^  eiicb, 
9  the  dronghl-rosisiiog  Gymnogrammcs,  Nniholienas,  Choilanthes, 
B  PisIIbiiu  are  almost  wliolly  restricted  to  the  arid  regions  west  of  the 
ieky  moUQlalus,  a  few  scattering  species  only  coming  Eisl.  North  or 

Bill. 

klsiaterestingto  note  the  ck-tnges  which  have  taken  place  In  the  num' 
liSnd  (lisiributiuu  of  our  ferns  since  ItedBeld  published  his  valuable 
^^ir  OB  ibn  "  Ocographlcal  Distribution  of  tliu  Ferns  of  North  Aunrlca," 
eTomyCiub  llulleiin  for  January.  IST.y  and  Watt,  hlsadmlnkblc  re- 
r  BfUrs.  LyMI's  Hand-Book  In  the  Canttdian  NaiitralUt  for  I»70.  Mr. 
tBald  «DUmeratcid  123  species,  which  have  Iieen  incre/isod  up  to  the  proa- 
'-  AMBB.  riiiLOs.  eoc.  XX.  IIS.  3i.    rRiHTED  uxncii  30.  18S3. 


Davenport.]  612  [Feb.  2, 

ent  time  to  153  or  156,  according  as  we  may  consider  the  claims  of  certain 
ferns  to  specific  rank,  or  their  riglit  to  a  place  in  oar  fern-flora,  while  the 
range  of  the  older  species  has  been  more  or  less  extended. 

Taking  the  number  in  the  list  accompanying  this  paper  for  a  basis,  tiz., 
155,  we  have  an  increase  of  30  species  since  1873,  and  we  may  confidently 
expect  a  still  greater  increase  as  tke  vast  regions  of  Arizona,  New  Mexico 
and  Western  Texas  are  more  thoroughly  explored. 

Fournier  enumerates  505  Mexican  species,  of  which  nxunber  only  55  we 
known  to  occur  within  our  own  limits ;  but  how  many  of  the  remaining 
450  arc  lurking  in  the  canons  this  side  of  the  Mexican  border,  to  reward  the 
patient  search  of  keen-eyed  botanists,  remains  yet  to  be  made  known. 

BUPPLEMENTAKY. 

The  foregoing  tables  were  prepared  in  March,  1882.  Since  that  time 
several  additions  have  been  made  to  our  Fern  Flora,  and  many  additional 
credits  noted  ;  these  have  so  changed  the  status  of  the  leading  States  as 
given  in  the  text,  and  are  so  interesting  for  comparisons  by  which  to  mark 
progressive  changes  in  the  future,  that  it  seems  best  to*  place  them  on  rec- 
ord here  in  a  separate  note. 

By  the  certain  addition  of  7,  and  the  probable  addition  of  1  or  2  more  to 
the  entire  fern  flora  of  the  United  States,  our  list  is  increased  from  155  to 
102  or  164. 

Numbers  94,  99  and  151  are  to  be  credited  to  Alaska  ;  45,  131  and  124 
to  Idaho  ;  117  to  Washington  Territory  ;  124  to  Utah,  and  97  ( Var.  caUa- 
reum)  to  Iowa. 

California  by  the  addition  of  numbers  24,  09,  117  and  154.  advances 
from  the  fifth  to  the  second  place,  and,  if  a  little  Woodsia  lately  received 
from   Lower  California  proves  to  be  obtusa,  as  seems  probable,  and  th^ 
doubtful  credits  were  verified,  would  lead  New  York. 

Florida  by  the  addition  of  Polypodium  SicartzU  takes  rank  for  the  pre^^ 
ent  with  Michigan,  although  if  we  concede  the  presence  of  the  doubtfc* 


credits  Michigan  will  still  lead  by  one  species  and  take  rank  as  third, 
position,  however,  which  she  would  be  almost  certain  to  yield  up,  perhap^^ 
before  the  close  of  another  season. 

Arizona  by  the   addition  of  81,  120,    Polypodium  ihyssanolcph,    PteU^r"''^ 
mnrfjmatd,    Chiila/ithes    lendijera,    Cheilant/ies  — ^— ^—   sp.?   Nothohitu:^ 
AscJienhor/na/iK,     AnpUnium    monanthemum,     Asplenitun,    Gtennie.i    an(^ 

Aspidi'nm sp.  ?  pushes  rapidly  to  the  front,  contests  the  honor  ol 

third  position  with  Florida  and  Michigan,  and  threatens  before  long  t< 
become  a  close  competitor  for  the  leading  place. 

Glancing  over  the  entire  field  of  our  Fern  Flora  at  the  present  time,  it 
is  safe  to  assume  from  the  nature  of  her  territory,  and  the  close  proximity 
of  an  extensive  and  almost  unexplored  mountainous  area  to  a  portion  ol 
Mexican  territory  rich  in  ferns,  that  Arizona  in  time  will  lead  all  the  othei 
States  in  the  wealth  of  her  fern  flora. 
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Obituary  Notice  of  the  Hev.  Dr,    Cfharfea  Porterfleld  Krauth,    By  F.  A, 

Muhlenberg, 

{Read  before  tJie  American  PhUo9ophical  Society,  March  16,  1883.) 

Both  sacred  and  profane  history  is  largely  made  up  of  biography.  It  is 
true,  great  events  are  also  therein  described,  as  intimately  connected  with 
the  life  nf  man  ;  bat  human  beings  themselves  have  ever  been  a  more  in- 
teresting study,  than  the  changes  produced  by  their  agency.  Man  is  the 
most  luminous  point,  in  the  prose,  or  poetic  narratives^  found  in  the  litera- 
ture of  all  nations.  His  successes,  his  triumphs  over  obstacles,  material 
and  spiritual,  as  well  his  reverses,  have  been  handed  down,  to  successive 
generations,  to  imitate  or  avoid.  Nations,  civilized  or  uncivilized,  have 
exalted  through  their  bards,  historians  and  orators,  the  fame  of  those,  most 
eminentamong  them,  in  the  varied  departments  of  human  enterprise  or 
ambition,  and  have  deposited  these  accounts  in  their  archives,  that  the 
memory  of  their  noble  deeds  might  thus  be  perpetuated.  The  intuitions 
of  the  race  have  thus  prompted  them  to  pay  a  proper  tribute  to  the  divine 
and  eternal  in  men.  Thus  the  example  of  those  most  distinguished  for 
their  virtue,  their  learning,  their  benevolence,  their  skill,  has  always 
been  a  beacon  light,  to  "allure  to  brighter  worlds,  and  lead  the  way." 

Such  principles  have,  no  doubt,  influenced  this  venerable  and  honorable 
Society,  to  adopt  the  rule  of  having  an  Obituary  Notice  on  the  decease  of 
one  of  its  members.  In  accordance,  therefore,  with  the  wishes  of  this 
Society,  and  by  the  request  and  appointment  of  its  honored  President, 
"we  have  prepared  the  following  sketch  of  our  lately  deceased,  much  be- 
loved, and  illustrious  member,  Charles  Porterfleld  Krauth. 

The  subject  of  our  sketch  was  born  in  the  town  of  Martinsburg,  Va., 
March  the  17th,  1823.  His  father  was  the  Rev.  Charles  Philip  Krauth,  at 
that  time  pastor  of  the  Lutheran  Churches  of  Martinsburg  and  Shepherds - 
town,  Va.,  and  his  mother's  maiden  name  was  Catherine  Susan  Heiskell, 
of  Staunton,  of  the  same  State.  Charles  Philip  Krauth  was  a  native  of 
Pennsylvania,  having  been  born  in  Montgomery  county,  and  was  care- 
fully educated  in  private  in  Greek,  Latin  and  French  by  his  father,  who 
had  emigrated  to  our  State  from  Germany,  in  the  capacity  of  teacher 
and  organist,  being  a  member  of  the  German  Reformed  Church,  whilst 
his  wife  was  a  Lutheran,  and  a  native  of  this  country.  After  the  comple- 
tion of  his  preparatory  studies,  under  his  father,  having  a  preference  for 
medicine,  he  pursued,  for  a  time,  his  medical  studies,  as  a  pupil  of  Dr.  Sel- 
den.  of  Norfolk,  Va.,  and  attended  one  course  of  lectures  in  the  University 
of  Maryland.  From  a  conscientious  change  of  views  as  to  his  duty,  he 
abandoned  medicine  for  the  ministry,  became,  first,  pastor  of  the  churches 
in  Virginia  already  mentioned  ;  then  in  1827,  of  St.  Matthew's  Lutheran 
Church  in  this  city,  whence  ho  was  transferred,  in  the  year  1833,  to 
Gettysburg,  Pa.,  to  become  **  Professor  of  Biblical  and  Oriental  Litera- 
ture," in  the  Theological  Seminary  of  the  Lutheran  Church,  there  located. 
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and  subsequently  was  elected  President  of  Pennsylvania  College,  at  the 
same  place,  in  which  useful  and  important  positions,  he  labored  with  great 
fidelity  and  success,  until  his  death  in  the  year  1867,  in  the  71st  year  of 
his  age. 

The  life,  employments,  and  character  of  the  elder  Dr.  Krauth,  had  so 
much  to  do  with  the  usefulness  and  exalted  fame  of  his  son,  Charles 
Porterfield  Krauth,  that  the  writer  felt  it  to  be  necessary  to  give  the  above 
particulars  with  reference  to  him,  and  to  append  a  few  statements  from 
some  of  those  who  knew  him  best,  in  regard  to  his  extraordinary  ability 
and  excellence.  In  this  way,  we  can  obtain  clear  views  of  the  genial  and 
ennobling  influences  under  which  the  younger  Dr.  Krauth  was  reared. 

One  of  his  most  intimate  friends,  long  associated  with  the  father  whilst 
he  was  President  of  Pennsylvania  College,  in  an  interesting  sketch  of  his 
life,  says  of  him  :  "A  character  so  near  perfection,  a  life  so  almost  blame- 
less is  seldom  found.  He  was  one  of  the  purest  and  best  men  that  ever 
lived."  Another  friend,  now  Professor  in  Columbia  College,  gives  us  this 
estimate  of  him  :  "  For  me  his  character  possessed  attractions  perfectly 
irresistible,  and  I  loved  him  with  an  intensity  that  beggars  description." 
A  third  gentleman,  who  spent  a  week  with  him  at  a  comparatively  early 
period  of  his  life,  remarks  :  *'His  conversation  was  so  instructive,  his 
counsels  were  so  wise,  his  manners  were  so  gentle,  his  spirits  so  buoyant 
that  I  learned  more  practical  wisdom  than  in  any  other  week  of  my  life." 
It  was  the  good  fortune  of  the  writer  to  know,  and  be  intimately  associated 
with  this  eminent  man,  for  seventeen  years  ;  and  it  gives  him  pleasure  to 
testify  to  the  accuracy  of  his  scholarship,  soundness  of  judgment,  keen 
perception,  warmth  of  heart,  eloquence  of  speech,  nobility  of  nature,  and 
eminence  of  Christian  character.  "  He  had,*'  to  use  the  terse  language  of 
a  writer  in  Johnson's  Encyclopaedia,  if  I  mistake  not,  his  own  son,  re- 
cently deceased,  "every  quality  which  ensures  a  large  distinction,  except 
ambition." 

IJoru  of  such  parents,  surroundecl  continually,  from  his  earliest  years, 
by  such  favorable  influences  for  the  improvement  of  his  intellectual  and 
moral  powers,  we  liave  no  ditflculty  in  recognizing  the  cause,  and  in  pre- 
dicting, from  sucli  antecedents,  tlie  certainty  of  the  future  eminence  of 
our  lamented  fellow-member.  He  had  the  same  eminent  endowments  of  his 
revered  fatlier,  in  an  intensified  form  ;  the  same  keenness  of  perception, 
eloquence  of  speech,  soundness  of  judgment,  richness  of  imagination,  and 
warmth  of  heart.  Through  his  mother,  he  was,  perhaps,  also  gifted  with 
a  vivacity  greater  than  that  enjoyed  by  his  father.  He  thus  united  in  him- 
self the  sober  self-control  of  the  Ponnsylvanlan,  with  the  sprighlliness 
and  exuberant  emotion  of  the  Virginian.  These  native  endowments  were 
expanded  also  by  early  and  constant  companionship  with  his  father,  "who 
knew  all  literature,"  and  his  profoundly  learned  friends,  "who  knew  all 
philosophy,"  and  access  to,  and  use  of  the  valuable  library  he  possessed. 
In  society,  as  well  as  in  the  case  of  individuals,  auspicious  influences  for 
growth,  become  cumulative,  and  a  maximum  good  result  is  the  product  of 
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their  combination.  Children  often  thus  exceed  in  eminence  illustrious 
parents,  by  the  possession  of  accumulated  endowments,  and  the  faiihful 
use  of  increased  opportunities  of  culture. 

The  son  continued  under  the  more  immediate  care  of  his  father  during 
the  remainder  of  his  ministry  at  Martinsburg,  his  pastorate  in  Philadelphia, 
and  the  earlier  years  of  his  residence  in  Gettysburg.  After  the  removal 
of  his  father  to  the  latter  place,  he  became  a  student  in  Pennsylvania 
College,  and  was  graduated  there  in  the  year  1839,  in  a  class  of  fourteen 
Diembers,  most  of  whom  are  now  deceased. 

As  the  bud  conceals  within  itself  the  beauty  of  the  future  flower,  so  do 
the  unfolding  powers  of  the  youth  foreshadow  the  direction,  and  extent 
of  the  excellence  of  the  fully  developed  man.  From  personal  recollec- 
tions, but  chiefly  from  letters  from  some  of  his  yet  surviving  classmates, 
and  intimate  friends,  we  can  say  something  of  the  peculiar  traits  of  char- 
acter he  exhibited  when  he  was  a  student  in  college,  or  in  his  boyhood  ; 
tor  he  was  still  a  boy,  at  least  in  years,  having  become  a  college  graduate, 
when  he  was  but  sixteen  years  of  age. 

The  writer  spent  one  session  of  a  collegiate  year  at  Gettysburg,  fifty 
years  since,  with  him  whose  earthly  career  has  so  recently  terminated  in 
such  golden  radiance.  He  cannot  speak  very  confidently  of  him  at  that 
time,  for  in  consequence  of  being  older  in  years,  and  having  removed  to 
another  institution,  he  was  but  seldom  thrown  into  his  society.  ^Memory, 
however,  still  retains  the  image  of  his  personal  appearance,  a  frail,  atten- 
uated form,  apparently  destined  to  a  brief  period  of  existence.  He  is  not 
able  to  speak,  from  his  own  personal  knowledge,  of  his  intellectual  pecu- 
liarities, for  the  reasons  already  mentioned,  and  because,  at  that  period, 
when  he  was  about  ten  years  of  age,  they  had  not  yet  been  sufficiently 
displayed  to  form  any  satisfactory  judgment.  He  can  affirm  this  mucli 
of  him,  that  he  never  thought  at  that  time  that  he  was  destined  to  survive 
long,  or  to  attain  such  extended  and  deserved  fame  in  letters. 

The  writer's  deficient  knowledge  is  fully  supplemented  by  letters  which 
are  before  him,  of  his  fellow-students  and  classmates,  in  whicli  he  is 
graphically  presented  to  us,  as  he  appeared  to  them.  One  of  these,  now  a 
Doctor  of  Divinity  in  the  Presbyterian  Church,  speaks  of  him,  *'as  hav- 
ing inherited  some  of  his  father's  easy-going  disposition,  but  capable  of 
great  passions,  and  great  efibrts, "  "  fond  of  fun,"  "an  inveterate  punster," 
"sarcastic,"  having  *'a  ready  and  comical  trick  of  exaggeration,"  a  great 
lover  and  declaimer  ot  Shakespeare,  and  of  large  literary  culture.  Another 
classmate,  the  Rev.  Dr.  Charles  Hay,  of  the  Lutheran  Theological  Seminary 
at  Gettysburg,  in  a  letter  to  the  writer,  in  which  he  says,  *'  tliey  were 
boys  together,  and  bed-fellows  for  a  year,"  speaks  of  his  departed  friend  in 
the  most  kindly  manner,  and  gives  a  very  satisfactory  account  of  his  whole 
student  life.  The  whole  letter  would  be  useful  in  print,  but  the  limits  to 
which  we  have  to  confine  ourselves,  will  allow  us  only  to  quote  so  much 
of  it  as  will  be  sufficient  to  give  us  a  clear  idea  of  his  intellectual  peculi- 
arities at  that  period  of  his  lite.     He  remarks  :  ."The  cast  of  our  brother's 
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mind  was  metaphysical,  lie  delighted  in  the  English  studies  of  the  col- 
lege course  (with  the  exception  of  mathematics),  and  in  these  easily  dis- 
tanced his  seniors,  some  of  whom  numbered  twice  his  years.  He  was  a 
voracious  reader,  devouring  with  avidity  almost  every  thing  that  he  could 
lay  his  hands  upon.  Thus  absorbed,  he  became  oblivious  to  the  lapse  of 
time,  and  was  frequently,  we  may  almost  say,  habitually  negligent  of  the 
proper  preparation  for  the  regular  recitations.  ♦  ♦  ♦  His  mind  worked 
with  amazing  celerity,  and  his  fund  of  general  information  was  remarka- 
bly extensive  in  one  so  young.  ♦  •  ♦  The  drudgery  of  routine  was 
always  distasteful  to  him,  and  he  had  often,  in  the  recitation  room,  to  be 
aroused  from  a  reverie,  into  which  his  poetic  fancy  had  led  him  away,  as 
into  the  dreamland,  where  he  loved  to  linger.  With  a  keen  sense  of  tlie 
ludicrous,  he  seemed  unable  to  resist  the  temptation  to  make  sport  of  the 
unfortunate  weaknesses  and  blunderings  of  the  less  active  minds  around 
him.  The  youngeU  in  a  large  class  ♦  ♦  *  he  found  abundant  op- 
portunity for  the  display  of  his  lively  wit,  which,  with  all  its  native  kind- 
liness and  playful  geniality,  was  sometimes  the  reverse  of  welcome  to  those 
at  whom  it  was  aimed.''  Those  who  had  constant  opportunities  of  seeing 
Dr.  Krauth  in  his  subsequent  life,  will  recognize  the  coincidence  of  this 
accurate  portraiture  of  his  early  life  with  the  features  of  character  he  dis- 
played, almost  to  his  dying  hour,  the  only  difference  being  that  they  were 
placed  more  Under  the  control  of  reason,  and  their  rough  edges  had  been 
removed  *'  by  his  native  kindliness,**  made  more  kindly,  by  continual  ad- 
vances in  Christian  principle  and  love. 

His  collegiate  cjireer  was  now  closed,  and  it  was  necessary  for  him  to 
decide  upon  a  profession,  in  which  he  might  more  usefully  employ  his 
native  and  improved  capacities.  I  do  not  think  he  was  long  in  coming 
to  a  conclusion  ;  for  two  years  before  his  graduation,  in  connection  with 
the  dear  friend  already  named,  he  had  determined  to  devote  liimself  en- 
tirely to  the  service  of  the  Redeemer,  and  had  been  admitted,  by  the  rite  of 
Confirmation,  to  the  communion  of  the  Christian  Church.  On  the  occasion 
when  these  two  interesting  youths  made  up  their  minds  to  take  this  decided  ' 
stand.  Dr.  Hay  remarks  that  the  elder  Dr.  Krauth,  intensely  interested 
for  the  welfare  of  his  son,  made  a  most  fervent  prayer  in  their  behalf,  and 
he  gives  his  conception  of  it,  by  exclaiming:  "Such  a  prayer  I'*  And  the 
same  thing  is  alluded  to  by  another,  well  acquainted  with  the  facts,  who 
remarks:  "Many  there  are  who  will  never  forget  that  prayer.  *  »  ♦ 
A  prominent  lawyer  in  the  State,  and  an  elder  in  the  Presbyterian  Church, 
ascribes  his  usefulness  to  the  influence  of  that  prayer."  The  elder  Dr. 
Krauth  was  inimitable  for  the  fervency  and  pathos  of  his  supplications  on 
all  occasious. 

Tliis  first  determined  step  of  the  son  on  the  side  of  Christianity,  in  con- 
nection with  the  instructions,  wishes  andpnxyers  of  his  venerated  father, 
prepared  the  way  for  the  second,  the  devotion  of  himself  to  the  church  in 
the  ministry  of  the  gospel.  The  loving  father  of  our  lamented  friend 
experienced  greater  joy,  without  doubt,  in  this  determination  of  his  son 
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to  devote  himself  to  the  holy  and  responsible  office  of  the  ministry,  than 
did  Philip,  of  Maccdon,  when  he  counted  himself  happy,  not  so  much  on 
account  of  the  birth  of  a  son,  as  because  he  had  an  Aristotle  to  conduct 
his  education.  Acting  in  accordance  with  this  purpose,  the  subject  of  our 
notice  entered  the  Theological  Seminary  of  the  Lutheran  Church,  at  Get- 
tysburg, as  student,  and  finished  his  theological  course,  in  the  Institution 
in  which  his  own  father  was  one  of  the  professors,  in  the  year  1841,  and 
first  was  licensed  in  the  same  year  to  preach  the  gospel  by  the  Synod  of 
Mainland  ;  and  then  ordained,  by  the  same  ecclesiastical  body,  to  the  holy 
office  of  the  ministry,  when  he  was  but  nineteen  years  of  age. 

The  preparatory  stages  of  his  education  are  now  over,  and  he  enters  into 
the  arena  of  conflict.  Nearly  one-third  of  his  life,  as  we  now  know,  had 
been  passed  in  the  work  of  preparation  ;  the  remaining  two-thirds  were 
to  be  spent  in  more  active  eftorts  for  the  good  of  others  ;  In  the  further 
development  of  his  powers,  and  in  extending  his  studies  in  new  and  more 
difficult  flelds  of  intellectual  toil.  As  we  intend  to  contemplate  his  suc- 
cessful efforts,  during  this  latter  period,  as  preacher,  editor,  theologian 
and  philosopher,  as  well  as  his  estimable  qualities  as  a  man,  we  regard 
it  to  be  both  useful  and  necessary,  before  proceeding  with  the  considera- 
tion of  the  topics,  to  give  a  condensed  summary  of  the  facts  with  refer- 
ence to  the  positions  he  occupied,  whilst  discharging  these  different  offices. 

His  reguX&r  pastorate  of  Lutheran  churches  extended  from  1842  to  1868  ; 
at  Baltimore  from  1842-47 ;  Martinsburg,  Shephcrdstown  and  Winchester, 
successively  from  1848-55  ;  Pittsburg,  1855-59 :  St.  Mark's,  Philadelphia, 
1859-64 ;  St.  Stephen's,  in  the  same  city,  1866-68,  including  ten  months 
spent  in  the  islands  of  St.  Thomas  and  Santa  Cruz,  West  Indies,  and  a 
short  temporary  service  at  St.  John's  Lutheran  Church,  Philadelphia,  in 
the  absence  of  the  regular  pastor.  Though  not  a  regular  pastor  after  this 
period,  he  continued  to  preach,  when  requested,  throughout  his  life.  He 
was  elected  '*  Norton  Professor  of  Systematic  Theology  and  Ecclesiastical 
Polity,"  in  the  Lutheran  Theological  Seminary  at  Philadelphia,  in  the  year 
1864  ;  **  Professor  of  Intellectual  and  Moral  Philosophy  "  in  the  Univer- 
sity of  Pennsylvania  in  1868  ;  Vice-Provost,  in  1878  ;  the  subject  of  Logic 
was  added  to  his  chair  in  1874,  and  that  of  History  in  1881  ;  and  these 
positions  he  held  with  distinguished  ability  until  his  death. 

Besides  these  positions  as  professor,  he  was  editor  of  the  **  Lutheran  and 
Missionary,"  from  1861-66;  Trustee  of  the  University  of  Pennsylvania 
from  1866-68  ;  President  of  the  General  Council  of  the  Lutheran  Church 
187(X-80.  He  was  likewise  a  Member  of  the  Oriental,  Philosophical  and 
Historical  Societies  of  this  State  ;  and  also  of  the  Committee  for  the  Re- 
vision of  the  Scriptures.  In  each  and  all  of  these  important  positions, 
his  profound  learning  and  wisdom  were  eminently  useful,  and  greatly 
appreciated  by  his  distinguished  associates. 

A  few  particulars,  of  a  more  private  nature,  are  here  also  added,  to  give 
this  part  of  our  sketch  completeness.  He  was  twice  married  ;  in  1843,  to 
Miss  Susan  Reynolds  of  Baltimore  ;  and  in  1854^  to  Miss  Mary  YirffiiM^ 
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Baker,  of  Winchester,  Va.  The  degree  of  D.D.  was  conferred  upon  him, 
by  Pennsylvania  College,  in  1856  ;  and  that  of  LL.D..  by  the  same  Institu- 
tion in  1874.  He  spent  the  summer  vacation,  in  the  year  1880,  in  Germany ; 
gathering  information,  and  visiting  places,  for  a  Life  of  Luther,  which  he 
had  been  requested,  by  the  Church  to  which  he  belonged,  to  prepare  ;  but 
which  we  deeply  regret  he  did  not  live  to  complete  ;  the  same  period  in 
the  summer  of  1881,  he  was  visiting  Canada,  for  the  benefit  of  his  health, 
during  which  time  he  wrote  his,  **  Cosmos.**  the  last  one  of  1882  he  was 
at  Mt.  Desert  Island,  on  the  coast  of  Maine  ;  and  his  death  occurred, 
January  2d,  1883. 

It  will  be  seen,  from  the  preceding  particulars  of  his  life,  that  his  labors 
were  divided  between  two  professions,  often  either  permanently,  or  tem- 
porarily conjoined,  in  aim  and  usefulness  closely  allied  with  each  other, 
that  of  the  ministry  and  professor  in  institutions  of  learning  and  religion. 
Whilst  our  friend  had  qualities  of  mind  and  heart  to  make  him  useful,  in 
either  of  these  professions,  he  frequently  informed  me,  that  he  much  pre- 
ferred the  chair  of  the  professor  to  the  pulpit.  Nor  was  this  owing  to  the 
fact,  that  his  pastoral  labors  and  pulpit  efforts  had  not  met  with  the 
approval  of  the  people,  or  had  been  wanting  in  success  ;  but  because  he 
believed,  that  the  sphere  of  influence  for  good  was  wider  in  the  former, 
than  in  the  latter. 

We  know,  from  the  best  evidence,  that  both  in  the  country,  as  well  as  in 
the  city,  in  the  congregations  he  served,  he  was  highly  honored  for  his 
ability  in  the  pulpit ;  and  greatly  esteemed  and  beloved  for  his  personal 
character.  With  increase  of  years  and  experience,  he  gave  increasing 
satisfaction,  and  acquired  additional  fame.  A  few,  it  is  true,  found  fault 
with  the  peculiar  tones  of  liis  voice,  and  peculiarities  of  attitude,  in  his 
early  ministry  ;  and  some,  at  a  later  period,  with  the  labored  character  of 
many  of  his  written  discourses,  but  his  greatness  was  generally  recog- 
nized. 

These  slight  defects  of  manner  disappeared  with  increase  of  years,  so  that 
the  tones  of  voice  and  mode  of  delivery  b(fcame  agreeable,  and  little  open 
to  censure.    lie  preached  both  with,  and  without  a  manuscript.     His  writ- 
ten discourses  displayed  more  fully  his  imaginative  power,  beauty  of  ex^ 
prcssion,  and  the  depth  and  extent  of  his  learning;    but  his  unwritten- 
ones,  the  pathos  and  force  of  the  eloquent  orator.     When  he  spoke  wiih-^ 
out  notes,  his  words  were,  like  those  of  his  excellent  father,  who  always 
used  this  method  of  preaching,  for  the    pleasure  and  edification  of  ther 
people.    It  was  then,  that  "the  common  people  heard  him  gladly,"  whilst^ 
his  written  discourses  w^ere  better  adapted  to  a  higher  grade  of  hearers. 
The  latter  class  of   auditors  were  carried  away  with  admiration  for  his 
learning  and  great  ability  ;   whilst  the  former  were  instructed  and  deeply 
moved,  hy  the  glowing  words  which  welled  forth  spontaneously  from  his 
loving  heart.     The  writer  recalls  to  mind  four  separate  occasions,  espe- 
cially, when  he  had  the  pleasure  of  listening  to  his  preaching.  The  earliest 
one  was  in  the  year  IS^U,  during  a  rebellion  of  the   students  in  Pennsyl- 
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inta  College,  against  the  Faculty  of  the  Inslilution,  on  account  of  clis- 
tislaction  with  the  distribution  of  college  honors.  Tlie  theme  KlecteiT 
r  the  speaker,  on  this  occasion,  was  the  conduct  of  Rebobosu],  in  Hsten- 
g  to  the  advice  oF  the  joung  men,  instead  of  heing  guided  by  llie  counsel 
le  more  aged,  whereby  the  kingdom  of  Ismel  was  rent  into  two  parts, 
I  subject  was  handled  with  such  escellent  judgment,  and  great  power. 
»t  ila  effects  were  very  marked  upon  the  minds  of  the  intenaely  excited 
mth  ;  and  contributed  largely  ia  bringing  them  again  under  ihe  control 
1  and  Christian  principle.  Another  very  elitborute  sermon,  on 
IS  distinguishing  pecnllaritiea  of  the  Lutheran  Church,  marked  with  all 
a  proftindity  of  thought,  copiousness  of  illustration,  vigor  and  beauty  of 
^reasion,  which  are  found  in  his  written  and  printed  sermons,  the  writer 
i  with  great  satisfaction,  on  two  sepamte  occasions ;  when  it  was 
tened  to  and  admired  by  the  large  audiences,  before  whom  it  was  de- 
*d,  with  enraptured  attention.  Tiie  last  two.  however,  which  were 
er«d  without  notes,  and  wilhout  much  previous  preparation,  made 
iS  greatest  impression  upon  the  mind  and  heart  of  the  writer;  one,  de- 
griptlve  of  the  mission  of  the  Saviour,  baaed  on  the  passage:  "He  went 
lout  doing  good  ;"  the  other,  within  quite  a  recent  period,  eiiplanatorj 
'  the  verse  :  *'  the  whole  creation  groanclh  and  travailetli  in  pain  to- 
r  until  now."  This  was  a  grand  effort,  and  was  upon  a  subject 
hlch  leems  to  have  been,  at  this  period  of  liia  life,  u  favorite  one  with 
|r  departed  friend,  for  it  is  alluded  to  in  one  of  bis  last  literary  publica- 
^  the  "  Cosmos,"  in  the  two  (bllowlng  sianKu : 

"  Yet  the  worirt  we  may  not  love, 
Uolta  Into  a  happier  day. 
When  at  God's  trans rorm In K  wont 
Sin  ana  duatli  sUall  pass  away. 

Oh,  for  tliat  transcendent  oliange 
tVUIoh  her  bridal  Bbatl  recalt, 
And  with  robsB  or  spoUesn  wlilte 
Cover  o'er  hor  crimson  pall." 
There  are,  lying  before  me,  quite  a  number  of  his  printed  discourses, 
tons  and  essays,  in  volumes  appropriated  to  such  literary  productions, 
difierent  periods  of  his  paatoni  life;  they  all  present  the  same 
sral  features  of  excellence,  and  defects.    They  are  tull  of  Inventive 
imaginative  power,  diaplay  great  citent  of  reading  and  profUndity  of 
Ight,  but  sometimes,  owing  to  the  neglect,  perhaps,  of  mathematical 
J  during  his  collegiate  course,  are  deficient  in  peraplcuitj',  by  a  too 
idftnt  accumulation  of  particulars,   or  variety  of  illustrations,     Tliis 
mcteriKCB  more  especially  his  earlier  writings  :  after  he  turned  bis  aiteu' 
more  folly  to  philosophiuil  study,  there  is  a  markeil  Improvement, 
preciaion  of  statement,  perspicuity  anil  terseness  of  ezpreision.     Our 
ill*  will  not  allow  us  to  quote  any  passages  in  proof  of  our  assertion. 
Tfao  fMM(o;'(inife  of  our  fellow -member  prepared  the  way  for  bis  pro- 
id  nndlei,  as  a  theologian  and  theological  professor.    Circumstances 
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might  have  so  influenced  him,  as  to  have  conducted  him  on  to  the  farther 
cultivation  of  the  imaginative  and  poetic  element  of  his  nature,  as  it  was 
manifested  in  his  collegiate  life,  and  in  his  first  sermons  ;  but  he  was  led 
by  what  we  might  call  an  accident,  but  which,  no  doubt,  was  the  provi* 
dence  of  God,  to  the  more  complete  improvement  of  the  rational  faculty ; 
and  then  he  was  turned  aside  into  the  domain  of  logical  and  speculative 
theology.  In  the  list  of  his  published  writings,  during  the  period  from 
his  ordination  to  the  ministry,  to  the  time  of  his  election  to  the  theological 
professorship,  numbering  twenty-six,  more  than  half  of  the  entire  num- 
ber are  profound  papers  on  theology  and  psychology.  In  one  of  them, 
written  in  1858,  which  contains  an  account  of  the  bibliography  of  the 
Augsburg  Confession,  there  are  twenty  pages  of  the  "  Evangelical  Re- 
view, ' '  taken  up  with  the  list  of  titles  of  books  on  the  subject,  one  hundred  or 
more  in  number,  all,  or  most  of  which,  he  had  in  his  own  library.  He  most 
have  had  at  that  time,  the  idea  in  his  mind,  for  some  reason  or  other  not 
known  to  us,  that  he  was  to  be  distinguished  as  a  theological  professor ; 
and  with  a  view  to  this,  had  already  commenced  collecting  that  valuable 
library,  in  this  special  department,  which  at  hi^  death  amounted  to  14,000 
volumes,  and  had  cost  him  $30,000.  Many  of  these  papers,  on  the,  "Re- 
lation of  the  Confessions  to  the  Reformation ;"  the  "Lord's  Day  ;"  "The 
Mass  ;"  "Liturgies,"  &c.,  were  modified,  improved,  and  inserted  with  his 
latest  views,  in  his  greatest  and  best  book  :  "The  Conservative  Reforma- 
tion," which  first  appeared  in  the  year  1871. 

How  this  particular  direction  was  given  to  his  studies,  we  are  tanglit 
by  one  of  his  friends,  whom  we  have  already  quoted.  He  remarks,  that 
he  asked  on  one  occasion,  the  elder  Dr.  Krauth,  how  his  son,  "  the  poet 
and  preacher,"  was  changed  into  "the  theologian  and  controversialist," 
and  he  replied,  that  it  was  owing  to  the  fact,  that  he  had  presented  to  his 
son  "Charles,"  a  copy  of  Chemnitz,  who  was  a  distinguished  Lutheran 
theological  champioD,  in  the  era  of  the  Reformation,  against  the  dogmas 
of  the  Roman  Catholic  Church,  as  laid  down  by  the  Council  of  Treat. 
This,  so  far  as  known  to  us,  was  the  first  stimulus  given,  for  the  intensified 
development  of  his  native  turn,  for  speculative  truth.  The  same  kind  of 
studies  was  pursued,  and  the  same  kind  of  writing  continued  also  during 
the  five  years,  from  1861  to  '60,  whilst  he  was  editor  of  the  "  Lutheran  and 
Missionary."  And  though  the  poetic  vein  often  re-appeared  in  him,  in  9\\ 
the  subsequent  years  of  his  life,  and  was  exercised  in  the  composition  ot 
fugitive  pieces  of  poetry,  either  original  or  translations,  the  burden  of  his 
work  was  of  a  controversial  character,  on  the  subject  of  liturgies,  diver- 
gencies of  theological  belief  and  kindred  matter,  during  all  this  time. 
These  discussions  were  conducted  with  amazing  skill  and  learning,  an^ 
with  a  wit  and  power  of  expression,  sometimes  tinged  with  severity,  un- 
equalled in  the  Church  ;  and  which  always  silenced,  if  they  did  not  con- 
vince, those  who  were  opposed  to  him.  His  words,  during  the  heated 
controversies,  which  prevailed  in  the  Lutheran  Church  in  America,  in  the 
five  years  of  his  editorship,  were  like  the  arrows,  sent  into  the  GreciftO 
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mp,  liy  the  "gnd  of  the  silver  bow."  nunilreiJs  of  such  potialied  sbafU 
«  sent,  with  convincing  and  controlling  power,  during  each  week  of 
e  period  of  liis  editorship  of  the  "  Lutheran  and  Missionary." 
I  Bronght  thus  to  the  front,  liy  his  atudiea,  and  his  positions  of  inlluence, 
il  long  in  realizing  the  dream  of  his  early  ministerial  life,  tf  wo 
c  right  in  our  supposition,  for  in  the  year  18G4,  he  was  elected  to  the 
'  "  Norton  Professor  of  Systematic  Tlieology  and  Ecclcsiasticnl 
Mliy,"  in  the  Theological  Seminary  of  the  Lutheran  Church,  in  Phila- 
lelphlo.  Ho  had  now  ample  time  and  opportunity  for  exercising  his 
^11  Id  theological  dialectics.  Additional  articles  of  the  same  Iiind  were 
Riblished,  tfllh  those  which  had  appeared  at  an  earlier  period  ;  and  the 
EnlminatEoo  of  his  work  in  this  department  took  place,  when  he  prepared 
lad  gave  to  the  world,  in  a  grand  volume,  his  "  Conservative  Reforma- 

"  to  which  allusion  has  already  been  made, 
[  This  volume  demands  more  than  a  passing  notice,  for  it  i9  the  noblest 
konumcnt  of  his  viut  theological  teurning  and  dialectical  skill,  immense 
squaintanoe  with  the  whole  field  of  literature,  and  of  his  intense  lore 
|tir  the  faith  and  church  of  liis  forefathers.  Besides  this,  it  bus  mher 
I  of  interest.  One  of  tliese  Is  stated  by  the  distinguished  author 
self  la  the  preface.  In  the  Lutheran  Churo.li.  both  of  the  Fatherland 
Bid  this  country,  there  have  always  been  two  parties  ;  one  raom  liberal 
D  the  interpretation  of  the  Confessions  ;  llie  other  more  strict,  allowing 
no  deviation,  in  the  smallest  particulars,  from  the  standards  ot  belief.  The 
Doctor,  with  great  candor,  acknowledges,  as  is  known  to  moat  of  the 
older  ministers  of  our  Church,  that  he  once  occupied  a  position  entirely 
^Jivergenl  fh>m  the  views  he  defends,  in  tliis  splendid  volume.  Thus  ho 
To  man  can  Ik  more  Used  in  hla  prejudice  against  the  views 
B  dotended,  tiiau  the  author  himself  once  was ;  nii  man  can  be  more 
idod  in  hisopinion,  that  those  views  are  false  tlian  the  author  is  now 
Ided,  In  his  faith,  that  they  are  the  truth.  This  decided  change  from 
a  strict  corifbrmity  with  the  old  Lutheran  Iklth.  as  It  is  sometimes 
■lied,  was  permanent  with  him,  and  he  maintained  it  with  unvarying 
racy,  until  his  departure  from  the  Churcli  Militant  to  the  Church 
Utuuphiknt.  Again,  the  author  shows  that  he  has  changed  his  views 
1  RUfflcient  reason,  for  all  the  prominent  doctrines  of  the  Lutheran 
borcb,  as  presented  in  the  Augsburg  Confession,  aro  discussed  with 
Mt  skDl  and  independence  of  judgment,  and  in  connection  with  this 
f  i^mbol,  the  subsequent  ones  are  not  overlooked.  It  is  a  complete 
taix  of  the  whole  system,  with  tiiat  indefiendent  survey  of  the  Held 
irbhiuelf,  fbr  which  the  author  was  noted,  for  he  could  truthl\illy  quote, 
■  applicable  to  himself,  the  sentiment  of  the  Roman  poet:  "Kulilus  ad- 
lajttrkre  in  verba  magistri." 

leanbjMtsof  Baptism,  Original  Sin  and  the  Lord's  Supper,  receive 
» most  extended  and  varied  discussion,  because  the  most  difficult,  and 
It  fteqaently  assailed  liy  .itlicrs.     It  is  not  generally  known,  that 
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the  Lutheran  Church  has  a  mode  of  presenting  these  subjects,  in  her  Judg- 
ment in  accordance  with  the  Scriptures,  which  require  careful  and  dis- 
criminating study  to  understand,  as  is  sufficiently  proTed  by  the  mistakei 
into  which  men  of  the  highest  ability  in  some  of  the  other  Christian  de- 
nominations have  fallen,  in  the  attempt  to  state  them  as  they  understand 
them. 

The  mode  of  the  Sayiour's  presence  in  the  Supper ;  the  doctrine  of  the 
"  communicatio  idiomatum;"  the  union  of  natures  in  the  person  of  the 
Redeemer  and  consubstantiation,  which  the  Lutheran  Church  is  said  to 
hold,  but  does  not,  have  especially  been  the  occasion  of  the  graye  mistakes 
made  by  the  gentlemen  to  whom  reference  has  aboye  been  made.  Thej 
are  known  and  believed  by  those  only  who  have  been  brought  up  in  the 
Lutheran  Church,  but  they  require  profound  acquaintance  with  the  sub- 
ject, and  native  and  philosophical  acumen,  to  defend  them  against  objec- 
tions, without  falling  into  error.  Li  this  field,  difficult  though  it  be,  our 
friend  showed  himself  a  complete  master,  and  the  carefhl  study  of  these 
profound  subjects  is  visible  on  every  page.  The  volume  contains  several 
elaborate  chapters,  prepared  years  before,  designed  specially  to  correct  the 
mistakes  made  on  the  above  subject,  by  learned  Doctors  of  Divinity  in 
sister  churches. 

The  chapter  also,  on  the  history  of  the  "Formula  of  Concord,"  which 
was  prepared  at  a  later  period  than  some  of  the  others,  is  exceedingly  well 
fitted  to  show  the  solid  theological  learning,  superior  penetration,  and  in- 
dependence of  judgment  of  our  gifted  and  diligent  associate.    It  amazes 
me  whenever  I  read  it,  to  see  how  he  unravels  the  tangled  history  of  the 
theological  controversies  which  agitated  Germany,  during  the  latter  part 
of  the  sixteenth  century,  and  how  he  follows,  with  clearness  of  intellec- 
tual vision,  the  intricate  thread  of  truth,  with  which  he  started,  to  it» 
final  issue  in  the  adoption  of  this  Symbol.     It  pleases  me  to  find,  that  he 
does  not  condemn,  where  others  bitterly  condemn  **the  gentle  Melanch- 
thon;''  who  had.  by  his  laudable,  though  sometimes  mistaken  desire  for 
peace  and  aversion  to  controversy,  given  occasion  to  some  of  those  acri- 
monious disputes.     Yet,  with  all  his  high  regard  and  esteem  for  this  fine 
scholar  and  excellent  man,  he  is  not  blind  to  his  faults,  but  censures  bim 
when  he  thinks  him  deserving  of  it.     It  is  easy  to  see  that  the  writer  is 
guided  in  his  judgment  by  the  love  of  truth,  and  not  by  prejudice,  and 
Melanchthon  fares  better  in  his  hands,  than  he  does'with  many  of  his  own 
countrymen  and  contemporaries.     This  was  a  fine  field,  for  the  exercise 
of  that  "speculative"  mind,  with  which  Providence  had  endowed  the 
author  of  this  volume,  and  which  is  displayed  in  it,  with  such  happy  ^' 
suits. 

The  independence  of  our  able  friend  is  shown  also  in  an  article,  wbicJ^ 
he  prepared  during  his  ministerial  life  in  the  year  1857,  on  the  Lord's  Day» 
which  does  not  appear  in  this  volume,  but  which  must  be  alluded  to,  be- 
cause In  it  he  expresses  and  defends  views  which  do  not  harmonize  with 
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fco«or  manyof  tlie  Gemmn  theologians,  but  which  he  dufended,  as  in 
lOGordAuce  with  the  teachings  of  Luther  and  the  Confessions,  and  whicli 
M  eODtinned  to  hold,  as  he  inrormed  me  near  the  end  of  his  life.  We  are 
It  able  say  why  it  was  not  published  with  the  others,  possibly  he  did  not 
blnlc  it  necessary  to  put  it  into  this  more  permaaeiit  form.  Some  of  the 
3«rnian  theologians  so  eiplaln  disconneciod  statements  of  Luther,  with- 
nt  lalcing  them  as  a  whole,  that  they  disaipatn  altogether  the  divine  obli- 
Mlon  with  reference  to  the  observance  of  the  Lord's  Dny.  Not  so  our 
.  We  allow  him  to  speak  for  himself.  "  If  Uermany  has  not  en- 
|Dfed  a  Christian  Sabbath,  it  Is  because  she  lias  refused  to  follow  what 
n  principles  of  Luther  would  have  given  iier.  The  Sunday  of  Luther 
an  entire  day,  not  a  half-day  ;  not  a  morning  for  the  church  and  an 
temoon  for  the  beer  saloon  or  the  dance,  or  the  idle  saunter ;  but  a  day 
I  holy  works  ;  and  holy  thoughts  ;  a  holy  day.  not  a  holiday.  Neither 
^jfl  Augsburg  Confession,  nor  the  greatest  theologians  of  the  Church  of  the 
Lugsburg  Confession,  denies  the  divine  oliUgatioa  ot  the  Christian  Sab- 
•  •  ■  Divine  in  its  generic  origin  and  obligation,  and  apostolic 
a  its  specific  determination," 
T]ier«  is  one  delightntl  chapter  of  the  booic  which  has  but  little  of  a 
■mtroversial  character  in  it ;  it  is  a  solemn  requiem  of  praise  in  honor  of 
^ther,  from  almost  every  land  of  Christendom.  The  instrument  selected 
jrGod,  for  the  grentworlt  of  tlie  Reformation,  lathe  hero,  whohftscnuBed 
Ir  strings  to  vibrate,  in  such  perfect  unison.  No  where  else  can  there 
■  fotmd  such  a.  collection  of  literary  gems,  bearing  upon  this  one  point, 
(he  writer's  soul  was  aglow  with  admiration  and  love  for  Luther,  when 
m  wrote  this  admirable  chapter,  and  after  the  full  array  of  testimonies  of 
e  most  Illustrious  cliaracters  in  his  behalf,  he  closes  the  subject  with 
cse  striking  words :  "  Luther  abides  as  a  power  tor  all  time.  His  image 
«ta  Itself  upon  the  cuirentof  ages,  as  the  mountain  mirrors  itself  In  the 
rer  at  its  foot — the  mighty  Hxing  itself  upon  the  changing." 
We  may  safely  aay.  in  passing  from  this  volume,  to  the  consideration  of 
It  last  publications  on  another  subject  and  in  a  diifcrent  sphere  of  his  use- 
A  and  bonoivble  toil,  that  no  one  can  read  It  without  reaching  the  pro- 
nnd  conviction  that  the  author  o[  it  will  bear  favorable  comitarison  with 
e  ablest  theologians  of  this  or  any  other  land.  Little  else  can  be  said  of 
t  except  to  express  admiration  of  its  merits  ;  if  we  may  be  allowed  to  say 
Bjthing  of  a  contrary  nature,  we  would  merely  rospeata  remark  already 
kde,  with  reference  to  some  of  liis  earlier  writings,  that  his  logic  occa- 
ynalty  is  wanting  in  perspicuity,  from  an  excessive  accumulation  of  par- 
mlara,  and  now  and  then  he  exceeds  the  bounds  of  truth  by  indulging 
»tvein  of  his  complex  nature,  alluded  to  by  one  of  classmates,  "a  ready 
A  comical  trick  of  exaggeration."  A.  single  illustration  will  sufficiently 
pWn  our  meaning.  Thus  he  speaks  of  sects  :  "  The  insect-minded  sec- 
Ian  allows  the  Refoniwtion  very  little  merit,  except  as  it  prepared  the 
my  for  the  putting  forth,  in  due  time,  of  tlie  particular  twig  of  Protest- 
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antism,  on  which  he  crawls,  and  which  he  imagines  bears  all  the  £niit» 
and  gives  all  the  value  to  the  tree.  ♦  ♦  ♦  Tlie  Reformation,  as  they 
take  it,  originated  in  the  divine  plan  for  Aimishing  a  narsery  for  sectarian 
Aphides." 

His  native  fondness  for  speculative  truth,  together  with  his  studies  in 
connection  with  theology,  which,  from  the  standpoint  he  accepted,  almost 
necessarily  involved  the  study  of  philosophy,  prepared  the  way  for  his  last 
position.  Professor  of  Intellectual  and  Moral  Philosophy  in  the  University 
of  Pennsylvania,  to  which  he  was  elected  in  the  year  1868  ;  the  sabject  of 
Logic  having  been  added  to  it  in  1874.  In  some  of  the  articles  of  the 
"Conservative  Reformation,"  he  shows  his  large  acquaintance  with  the 
foremost  philosophers  of  the  English  and  Scotch  schools,  such  as  Mill, 
Hamilton  and  others  ;  and  his  fondness  for  studies  of  this  kind,  led  him 
to  publish  an  edition  of  Fleming's  Vocabulary  of  Philosophy,  eight  years 
before  he  was  elected  to  the  post  of  professor.  If  we  mistiike  not,  the 
attention  of  some  of  the  Board  of  Trustees  was  first  directed  to  him,  on 
account  of  his  prominence  among  the  Lutheran  pastors  in  Philadelphia, 
and  thus  he  was  elected  trustee  in  1866,  to  represent  the  Lutheran  Church, 
and  the  ability  there  displayed,  and  the  acquaintance  made  with  its  mem- 
bers, and  especially  with  Dr.  Still6,  the  Provost  of  the  Institution,  to  whom 
it  owes  so  much,  his  warm  personal  friend,  shortly  afterwards  elevated  him 
to  the  responsible  position  he  occupied  in  it,  which,  with  other  additional 
duties  and  offices,  he  continued  to  discharge  and  to  hold  until  his  death. 

The  department  of  Philosophy  was  the  chief  one,  in  which  such  volumes 
as  Hamilton's  Metaphysics,  Berkeley's  Philosophy,  Whewell's  Morality, 
Butler's  Analogy,  constituted  tlie  text  books,  which  made  the  basis  of  his 
instruction,  and  through  which  he  exerted  a  wide  and  lasting  influence  on  his 
pupils.    For  the  use  of  his  department  he  edited  Berkeley,  and  enriched  it 
with  notes  of  great  value,  from  all  the  different  schools  of  philosophy  among 
Christian  nations,  which  appeared  in  1874 ;  and  at  the  same  time  repub- 
lished in  the  same  way,  with  a  very  learned  introduction,  Ulrici's  Strauss* 
Through  these  publications,  and  his  lectures  to  his  classes,  from  year  t^ 
year,  his  reputation  as  a  philosopher  became  as  great  in  our  land  as  in  tt*-  * 
department  of  theology.     He  was  frequently  appealed  to  as  the  highe^^ 
authority  in  questions  of  a  philosophical  nature,  and  it  was  easy  to  antic 
pate  from  the  instructions  of  his  able  and  excellent  father,  and  his  ow 
subsequent  studies  in  theology,  what  position  he  would  take  in  this  vas 
and  intricate  field  of  speculation.     These  two  things  dominated  his  view! 
Philosophy  had  been  settled  in  his  theological  studies,  for  we  find  th*- 
principles  of  Butler,  Berkeley  and  Hamilton,  presenting  salient  points  ii 
these  earlier  investigations.     He  was,  as  we  might  have  expected,  fToic^ 
such  antecedents,  an  ** Idealistic  Realist,"  to  quote  the  words  of  one  o:  ^ 
his  favorite  pupils,  who  understood  well  his  views,  and  a  philosopher  of  de-- 
cided  Christian  character.     It  was  his  great  aim  to  infuse  these  princi- 
ples into  the  minds  of  the  students  of  the  University  whom  he  instructec 
in  successive  classes  for  almost  fifteen  years,  and  upon  whom  he  lefl  th( 


1883.]  625  [Muhlenberg. 

indelible  marks  of  his  power  and  varied  learning.  He  has  left  behind 
him  no  regular  system,  and  this  is  a  matter  to  be  regretted,  except  so  far 
as  it  can  be  gathered  from  his  annotated  works,  and  the  notes  and  recol- 
lections of  his  pupils.  These,  with  his  favorite  authors,  in  this  depart- 
ment, will  always  show  us  the  genuine  Christian  philosopher.  Butler's 
Analogy  was  one  of  his  favorite  books,  we  see  its  principles  brought  out 
in  his  discussion  of  Original  sin  ;  in  his  Introduction  to  Strauss  and  in  his 
last  poetic  efiusions,  and  we  are  gratified  to  quote  his  own  words  on  this 
subject,  to  this  effect :  ''that  he  regarded  this  as  a  monument  to  the  tnith 
of  the  Christian  religion,  which  shall  endure  to  the  end  of  time." 

The  edition  of  Ulrici's  Strauss,  which  he  superintended,  translated  and 
furnished  with  an  introduction,  is  a  work  of  immense  practical  value.  It  is 
small  in  form,  but  on  this  account,  not  less,  but  more  valuable.  Ponder- 
ous volumes,  like  heavy  artillery,  are  hard  to  manage,  and  have  but  few 
readers,  but  the  smaller  ones,  which  you  can  take  with  you  to  the  fireside, 
are  popular  and  effective  with  the  largest  number,  like  the  small  arms  in 
the  close  and  well -contested  battle.  The  reader  of  the  introduction  con- 
templates with  wonder  the  immense,  almost  boundless  extent  of  the  au- 
thor's reading  in  physiology  and  philosophy.  As  he  was  regarded  and 
called  in  early  life  a  "voracious"  reader  in  literature  and  the  department 
of  the  imagination,  so  his  appetite  in  later  life  was  equally  insatiate  in 
physiology  and  philosophy.  He  seems  to  have  sounded  with  his  plum- 
met the  subject  in  its  profoundest  depths,  and  widest  extent,  and  after  all 
his  studies  he  remains  the  Christian  philosopher  still.  It  is  gratifying  to 
find  a  gentleman  of  such  breadth  of  culture,  defeating,  on  their  own  soil, 
and  with  their  own  weapons,  the  enemies  of  truth,  of  Qod  and  of  man. 
He  is,  in  his  own  peculiar  style,  severe  on  materialism,  and  still  more 
severe  on  Strauss,  the  great  advocate  of  infidelity  and  atheism.  Speaking 
of  the  union  of  the  supernatural,  everywhere  with  the  natural,  in  Butler's 
line  of  thought,  but  his  own  words,  he  says  :  "Science  moves  ever  to- 
ward the  proof,  how  supernatural  is  the  natural ;  religion  moves  toward 
the  proof,  how  natural  is  the  supernatural.  For  nature,  in  the  narrow 
sense,  is  in  her  spring,  supernatural."  To  expose  such  a  system  as  mate- 
rialism "would  involve  the  compression  of  a  world  to  the  dimensions  of 
a  pea."  "Without  the  metaphysical  spirit,  the  geologist  possesses  the 
penetration  of  an  artesian  auger,  no  more."  "The  intellectual  beats  the 
material  in  all  long  races."  The  " new  faith  "  of  Strauss  is  characterized 
''as  conscious  matter,  reverencing  and  worshiping  unconscious  matter," 
"as  reason  bowed  at  the  altar  of  unreason,  which  had  given  it  being  ;"  as 
"without  Qod,  without  Providence,  without  spirit,  freedom  or  accounta- 
bility ;"  "recognizing  no  creation  or  redemption  or  sanctification  ;"  *'no 
heaven,  no  hell,  ♦  ♦  ♦  whose  last  enemy  is  not  death,  but  immor- 
tality, its  goal,  extinction."  These  and  a  long  list  of  other  features,  se- 
verely yet  truthfully  present,  in  the  language  of  the  author,  the  repulsive 
deformity  of  this  proposed  "  new  faith." 
The  volumes,  on  which  the  Doctor's  fame  will  chiefly  rest,  are  the  three 
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which  have  been  mentioned.  "The  Conservative  Refonnation  ;"  **U1. 
rici*8  Strauss  "  "  Berkeley,  with  Notes, "  and  the  translation  of  *•  Tholuck's 
Oospel  of  St.  John."  Through  these,  with  the  many  and  varied  essays, 
articles  for  encyclopaedias,  editorials,  lectures  at  the  Seminary  and 
University,  sermons  published  or  heard,  and  the  large  number  of  young 
men  whom  he  helped  to  educate  for  the  ministry,  the  other  learned  pro- 
fessions, and  practical  life,  will  cause  his  influence  to  be  felt,  for  good, 
through  all  future  time.  Throughout  the  forty  years  of  his  very  active 
and  laborious  life—had  he  lived,  forty  years  this  day — ^in  imitation  of  the 
Great  Teacher,  **  he  served  his  generation  faithfblly,  according  to  the  will 
of  God,'*  and  he  will  be  held  m  everlasting  remembrance,  as  one  of  the 
great  benefactors  of  the  race. 

Our  subject  would  be  incomplete,  did  we  not  speak  of  his  excellent  qual- 
ities as  a  Christian  man.  Scholarly  acquisitions  are  often  tarnished,  by 
moral,  or  personal  defects,  or  obliquities.  It  was  not  so  with  our  friend. 
The  grand  elements  of  his  character  were  harmoniously  united,  with  a 
natural  simplicity,  and  an  affluence  of  kindly  feeling.  He  was  very  con- 
descending towards  inferiors,  and  extremely  fond  of  children,  whom  be 
could  most  successfhlly  entertain  and  instruct  In  his  addresses  to  them 
he  laid  aside  all  that  was  repulsive,  became  one  of  them,  disarmed  all  their 
fears,  and  attracted  them  to  himself  Nor  was  this  attractive  power  limited 
to  them ;  it  was  general.  The  extent  of  it  was  realized  ftdly  since  his  la- 
mented death.  Friend  and  foe,  the  aged  and  the  young,  those  of  the  same 
belief  with  himself,  as  well  as  those  who  occupied  positions  in  theology 
directly  opposite  to  his  own ;  officers  of  the  churches  he  served,  and  gen- 
tlemen associated  with  himself  in  public  bodies,  have,  with  great  unanimity, 
testified  both  to  his  general  excellence,  as  well  as  the  warmth  of  heart,  by 
which  he  drew  them  to  himself.  One,  eminent  in  position,  but  often  op- 
posed to  him  in  debate,  Epeaks  of  him  as  "cordial,  genial,  magnetic  and 
brilliant,  often  winning  his  way  to  hearts  that  were  closed  to  others,  and 
forming  personal  attachments  which  no  changes  of  time  or  circumstances 
could  break."    Such  a  man  could  not  fail  to  be  respected  and  beloved. 

But  the  bowstring,  after  long  use,  when  subjected  to  extraordinary  ten- 
sion, will  snap  asunder.     So  it  was  with  our  departed  friend.    There  is  a 
limit  to  human  exertion,  and  our  bodies  and  minds  will  not  endure  indef- 
inite pressure.     The  superabundant  labors,  apparent  in  what  we  hav& 
said,  but  more  fully  known  to  his  associates,  together  with  the  anxieties, 
sorrows,  disappointments — greater,  because  kept  to  himself — which  hi^ 
friends  knew  but  did  not  venture  to  allude  to,  out  of  regard  for  his  feel — 
ings,  by  degrees  brought  his  manly  form  to  an  early  grave.     We  will  not 
draw  aside  the  veil  which  conceals  these  special  troubles  from  the  public^ 
gaze,  to  which  he  never  himself  made  any  allusion,  except  to  say,    *•  th< 
heart  knoweth  its  own  bitterness."     They  are  too  sacred  for  publication, 
but  they  exerted  no  little  influence  in  gradually  undermining  his  vigorous 
health.     The  flrst  intimation  of  any  serious  illness  was  communicated  to 
the  writer  by  a  friend  of  the  Doctor,  who  visited  Germany  with  him,  andL 
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was  his  almost  constant  companion  for  three  months.  The  next  commu- 
nication was  made  by  his  family  physician,  who  remarked  at  that  time, 
that  the  only  relief  for  the  Doctor  would  be  total  cessation  fh)m  work,  but 
that  mode  of  relief  his  multiplied  engagements,  and  his  conscientiousness 
did  not  allow  him  to  adopt.  He  acted,  as  far  as  possible,  in  accordance  with 
the  advice  of  the  physician,  and  spent  the  two  succeeding  long  vacations 
of  the  years  1881  and  1882  in  Canada,  returned  with  his  health  recruited, 
but  when  his  double  duties  in  the  two  Institutions  in  which  he  was  en- 
gaged, were  resumed,  he  again  lost  ground,  and  it  was  apparent  that  the 
disease  was  preying  on  the  vitals  of  his  system.  On  his  return  from  the 
last  trip,  in  answer  to  a  question  of  one  of  his  fHends  as  to  his  health,  he 
replied  with  sadness,  as  though  looking  forward  to  an  unfavorable  result, 
•*  better,  but  not  well."  The  truth  of  this  became  painfully  manifest  when 
he  resumed  his  duties  in  the  University.  He  was  very  far  from  being 
well.  His  associates  soon  observed  that  his  vivacity  and  vitality,  and  his 
powers  of  endurance  were  rapidly  decreasing.  Especially  marked  was 
this  decline  in  the  daily  chapel  services.  Each  succeeding  day,  through 
increasing  weakness,  he  brought  his  chair  nearer  to  the  reading  desk,  un- 
til the  day  before  he  was  ordered  by  his  physicians  to  relinquish  all  his 
duties,  they  were  placed  alongside  of  each  other,  and  it  was  with  difficulty 
he  could  stand  up  to  perform  the  devotions.  With  such  Christian  forti- 
tude did  he  continue  to  discharge  his  duties  during  the  progress  of  the 
disease  to  its  final  issue.  His  principles  would  not  allow  him  to  forsake 
his  post,  until  his  powers  were  exhausted. 

The  writer  now  believes,  the  Doctor  was  fully  conscious  of  his  approach- 
ing dissolution,  for  he  could  not  take  sufficient  nourishment  to  support 
life,  and,  besides  this,  the  tenderness  and  deep  pathos  of  his  prayers,  when- 
ever allusion  was  made  to  death,  disclosed  the  thoughts  and  feelings  with- 
in. The  writer  conversed  with  him,  for  the  last  time,  the  day  before  he 
completed  his  official  duties.  He  bade  farewell  to  him,  as  he  thought,  for 
a  few  days,  in  front  of  the  University,  at  the  close  of  the  recitations  for  the 
day ;  it  was  with  difficulty  that  he  moved  his  exhausted  body,  yet  the 
writer  will  never  forget  the  almost  angelic  tenderness  and  sweetness  of  his 
language  and  his  looks. 

Two  days  after  this  he  was  ordered  by  his  physicians  to  take  his  bed, 
and,  contrary  to  the  expectations  of  all,  he  declined  more  rapidly  than 
before,  and  two  weeks  subsequently,  when  the  new  year  1888  had  but 
commenced,  January  2d,  amid  his  sorrowing  friends,  without  much  suf- 
fering, his  noble  spirit,  sustained  by  the  faith  and  hopes  of  the  Gospel, 
was  conveyed  to  the  bosom  of  his  Saviour,  whom  he  had  loved  and  served 
«b  well. 

The  removal  of  such  a  man  must  be  deeply  mourned,  for  his  place  can- 
not readily  be  filled  ;  but  we  may  comfort  ourselves  with  the  thought,  to 
which  the  Provost  of  the  University  gave  utterance  in  the  chapel,  two  days 
after  his  death,  that  as  he  was  suffering  from  an  incurable  disease,  he  could 
do  no  more  on  earth,  his  work  was  done,  and  well  done,  he  had  secured 
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the  victor's  crown.  We  recall  to  mind,  at  this  point,  the  distinguished 
Grecian  philosopher,  Socrates,  surrounded  by  his  weeping  friends  and 
pupils,  whom  he  was  reproving  for  their  sorrow,  and  endeavoring  to  con- 
sole with  his  own  joy  Ail  hopes  for  the  future  world  as  he  was  bidding 
them  farewell ;  and  we  can  thus  think  of  our  Christian  philosopher  ad- 
dressing us,  ft'om  the  glory  he  has  attained,  in  words  used  by  himselt 
many  years  ago,  in  some  reflections  on  the  Transfiguration:  "  Why  do  we 
thmk  of  the  parting  pressure  of  the  hand,  the  last  words  of  love,  the  dying 
moan,  and  not  of  the  crown,  the  communion  with  Christ,  their  eternal 
repose,  and  our  re-uuion  with  them  ?  Why,  with  desolate  hearts,  will  we 
continue  to  stretch  our  hands  to  the  home  of  their  rest  and  cry,  come, 
come  to  our  arms  ?  Blessed  be  God,  that  he  will  not  hear  our  prayers. 
Blessed  are  the  departed,  that  we  cannot  recall  them  fh>m  their  joy,  or 
wound  their  hearts  by  the  knowledge  that  we  are  willing  to  disturb  their 
bliss.    No,  it  is  not  good  to  be  here  ;  we  know  not  what  we  say." 


Fourth  Contribution  to  the  History  of  ths  Permian  Formation  of  Texas.   Bjf 

E,  2).  Cope* 

{Read  before  the  American  Philosophical  Society,  March  16,  188S.) 

PISCES. 

ECTOSTEORllACHIS  CICER0NIU8,  Sp.  UOV. 

The  genus  Ectosteorhachis  Cope,  is  known  up  to  the  present  time  from 
ichthyolites,  which  do  not  exhibit  the  interior  details  of  the  structure  of 
the  skull.  Several  portions  of  crania  having  recently  come  into  my  hands, 
I  am  able  to  add  some  important  features,  and  a  new  species,  which  I  name 
as  above. 

The  base  of  the  skull  consists  of  ossified  parachordals,  which  embrace 
the  chorda  dorsalis  posteriorly  and  are  continued  for  a  short  distance 
posteriorly  as  a  tube.  Anteriorly  the  chordal  groove  is  open.  Trabeculae 
not  ossified.  The  cranial  structure  is  an  excellent  illustration  of  a  perma- 
nent embryonic  type.  Above  and  in  front  of  the  opening  for  the  chorda, 
the  neural  canal  enters  the  groove.  The  parachordals  are  subtriangular, 
presenting  one  angle  forwards,  and  having  the  internal  side  that  bounds 
the  groove  straight  and  longitudinally  grooved.  The  anteroexternal  side 
is  oblique  and  nearly  straight,  and  is  overhung  by  the  osseous  roof  of  the 
skull.     These  characters  are  identical  in  both  species. 

The  E.  ciceroruus  differs  from  the  E,  nitidus  in  having  a  narrower  inter- 
orbital  region,  and  in  the  possession  of  small  tubercles  of  ganome  on  the 
posterior  parts  of  the  superior  surface  of  the  skull.  These  are  seen 
on  the  sides  of  the  surface,  and  are  quite  small,  not  numerous,  and 

♦The  third  contribution  can  be  found  at  page 447  Proceedings  of  the  Society 
for  1882. 
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of  yariouB  sizes  and  shapes.  They  resemble  shining  seeds.  In  E,  nitidtu 
these  points  are  wanting,  but  there  are  rugosities  on  the  postfrontal  and 
pterotic  regions  of  a  radiating  character,  not  found  in  JS.  eic&ranius. 

Measurements.  M. 

No.  1. 

Length  of  skull  to  occiput  above  (muzzle  worn) 069 

Interorbital  width 014 

No.  2. 

Length  of  osseous  base  of  cranium  (parachordal) 089 

"         open  median  groove 022 

Width  of  base  at  parachordals 036 

"        groove  at  apices  of  parachordals Oil 

"       foramen  notochordse 0095. 

Found  by  Mr.  W.  F.  Cummins. 

Gnathokhiza.  bbbrata,  gen.  et  sp.  nov. 

This  presumed  fish  is  represented  by  some  teeth  which  are  processes  of 

osseous  bodies,  which  may  be  roots  properly  so  called,  or  may  be  jaws. 

The  osseous  bases  are  shallow,  and  thickened  on  the  free  edge,  which  is 

directed  obliquely  away  from  the  plane  of  the  crown  of  the  teeth.    The 

teeth  obtained  are  flat,  and  doubtless  bilaterally  symmetrical,  though  no 

complete  pairs  are  preserved.  The  largest  of  these  has  a  curved  edge,  and 

a  branch  extending  posteriorly  at  right  angles  to  it.  Joining  it  at  a  point  at 

one  side  of  its  middle.    The  longer  (and  more  curved)  part  of  the  convex 

edge,  has  two  coarse  angles ;  the  shorter  part  is  finely  denticulated,  as  is 

the  transverse  lamina.  The  principal  edge  is  worn  posteriorly  by  use.  The 

external  convex  face  is  marked  by  coarse  and  finer  lines  of  growth,  like 

those  on  corneous  processes.  A  second  form  of  tooth  is  not  curved,  but  flat, 

80  far  as  preserved.    It  has  three  coarse  obtuse  teeth.     Two  other  toothed 

bodies  resemble  it.    All  the  teeth  are  covered  with  brilliant  ganoine  on 

both  sides. 

Measurements.  M. 

Length  of  chord  of  larger  tooth ; 010 

"         cross  lamina 0055 

Elevation  of  principal  edge 006   . 

withroot 008 

Thickness  of  root  at  base 002 

The  genus  GhuUhorhiza  may  belong  to  the  Petalodont  family,  though  I 
think  it  very  doubtful.  The  characters  of  the  roots  of  the  teeth  are  more 
like  those  of  sharks. 

BATRACHIA. 

Tbihebobhachib  bilobatus,  sp.  nov. 

Among  the  many  specimens  of  animals  of  this  genus  which  have  passed 
through  my  hands,  I  have  not  until  now  been  able  to  select  more  than  one 
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species,  the  T.  insignU,  Mr.  Cuniniins,  however,  now  sends  me  parts  of 
skeletons  of  four  individuals,  which  present  distinctive  characters.  Two 
of  these  include  vertebral  elements,  and  all  embrace  jaws  and  bones  of  the 
limbs  and  arches. 

The  vertebrae  present  no  important  difference  from  those  of  T.  insignii, 
but  the  surface  of  the  intercentrum  is  not  yet  cleaned  of  a  thin  layer  of 
matrix.  The  peculiar  character  of  thia  species  is  most  readily  seen  in  the 
posterior  portions  of  the  mandibular  ramus.  The  angle  consists  of  two 
.subequal  tuberosities  which  are  separated  by  a  deep  groove,  instead  of  one 
prominent  one.  The  external  tuberosity  is  represented  in  the  T,  irmffnii  by 
a  small  protuberance  of  the  lateral  enlargement  of  the  external  &ce  of  the 
ramus.  The  extremity  of  this  tuberosity  la  in  the  T.  bUobatM  strongly 
honeycombed,  and  it  is  bounded  below  and  externally  by  a  groove  which 
is  faintly  indicated  in  T.  insignis.  Above  it,  on  the  inner  aide,  is  another, 
shallow  groove,  from  which  it  is  separated  by  a  sharp  ridge.  Both  grooves 
are  smooth.  The  superior  one  is  wanting  in  T.  insignis.  The  quadrate 
cotylus  is  more  depressed  externally  than  in  T,  iniignis,  thus  making  it 
more  oblique.  The  internal  fossa  of  the  cotylus  is  not  divided  by  a  longi- 
tudinal groove,  as  it  is  in  T.  irmgnis  The  dental  foramen  is  large,  and  is 
located  as  in  the  T,  insignis*  There  is  also  an  inferior  longitudinal  groove  of 
the  ramus  as  in  that  species.  The  sur&ces  preserved  show  that  the  sculp- 
ture is  more  marked  in  the  T,  bUobatns  than  in  the  T,  insignis. 

Mectsurements,  M. 

Depth  of  ramus  at  interior  edge  cotylus 026 

Length      "        from     "        "        *'       020 

Width        "       at  "        "        "       017 

*'      of  both  tuberosities  of  angle 0125 

Diameters  of  intercentrum  |  >^'^^<>^POsUi'Aor Oil 

C  transverse 021 

Thickness  of  intercentrum 004 

The  specimens  described  came  from  the  same  locality,  and  a  different  one 
from  that  which  has  produced  the  specimens  of  the  T,  insignis  (Type  No. 
39,  1882). 

REPTILIA. 

Pariotichus  megalops,  sp.  nov. 

This  reptile  is  known  to  me  from  a  nearly  complete,  somewhat  distorted 
cranium.  A  thin  layer  of  matrix  conceals  the  greater  number  of  the  teeth, 
so  tliat  the  presence  of  canines  cannot  be  demonstrated.  Those  which  are 
visible  are  on  the  premaxillary  and  anterior  parts  of  the  maxillary  bones. 
They  are  small,  conic,  slightly  curved,  acute  and  absolutely  smooth. 

The  muzzle  is  short  and  broadly  rounded.  The  nareal  opening  is  latero- 
superior,  and  is  just  above  the  principal  convexity  where  the  lores  pass  into 
the  muzzle.  Canthus  nostralis  rounded  off.  Interorbital  region  wide, 
convex  in  section,  nearly  plane  anteroposteriorly,  its  width  a  little  exceed- 
ing the  diameter  of  the  orbit.     Orbit  large  and  round,  its  diameter  equal  to 
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the  length  of  the  muzzle  in  front  of  it,  obliquely  measured,  and  one-half  the 
distance  from  its  posterior  edge  to  that  of  the  temporal  roof  (?  squamosal 
bone).  Posterior  outline  of  skull  above,  truncate,  surface  slightly  convex 
transversely. 

The  premaxillary  spines  are  short  and  wide,  the  nasals  are  also  short  and 
wide.  The  prefrontals  and  postfrontals  form  the  superior  edge  of  the  orbit, 
excluding  the  frontals.  The  intercalaria  (or  ?  pterotics)  are  very  large;  at 
the  externoposterior  angle  is  a  very  small  element  in  contact  with  the  supra- 
occipital  which  may  be  the  true  intercalare.  The  supraoccipitals  have 
considerable  transverse  extent,  running  out  externally  in  narrow  apices. 
All  the  bones  of  the  cranium  are  sculptured  in  honeycomb  &8hion,  the 
ridges  radiating  on  some  of  the  bones.  That  is,  on  the  posterior  parts 
of  the  frontals  and  parietals  and  anterior  part  of  the  intercalare  and  squa- 
xnosaL  A  groove  follows  the  edge  of  the  orbit,  and  turns  inwards  on  the 
prefrontal  bone,  forming  a  rudimental  lyra.  External  surface  of  mandible 
grooved  below;  superior  part  concealed. 

MeaBurements,  M. 

Width  of  skull  between  posterior  angles 018 

Interorbital  width 008 

Axial  length  of  skull 024 

.  "  fh)m  muzzle  to  between  centres  of  orbits. .  .0096 

Width  of  muzzle  at  nares 0095 

Length  from  orbit  to  nostril 0085 

Depth  of  skull  posteriorly,  to  mandible 010 

The  superior  part  of  the  posterior  region  of  the  inner  tAce  of  the  dentary 
bone  supports  a  patch  of  small  obtuse  teeth,  which  narrows  forwards  into 
the  single  row  of  the  edge  of  the  ramus.  This  patch  is  no  doubt  homolo- 
gous with  that  which  is  so  largely  developed  in  Bantylui. 

The  surface  of  the  cranium  has  been  mostly  weathered  away  in  the  type 
of  Pariotichus,  P.  braehyops,  and  I  suspect  that  it  is  really  sculptured  and 
not  smooth,  as  I  originally  stated.  The  P.  megalops  differs  firom  the  P. 
braehyops  in  the  larger  orbit,  the  narrower  interorbital  space,  and  the 
smaller  and  more  numerous  teeth. 

BarioUchus  and  Pantylus  and  probably  Ectocynodon  must  be  referred  to- 
a  special  family,  the  Pariotichida,  which  has  teeth  like  the  EdapTiotauridce* 
but  differs  from  it  in  the  entire  overroofing  of  the  temporal  fosss. 

Chilonyx  bafidbns  Cope,  gen.  nov. 

C?iar,  Gen, — Teeth  with  the  long  diameter  of  the  crowns  transverse  to* 
that  of  the  jaws,  and  with  the  crown  contracting  to  a  single  slightly  in- 
curved apex.  Maxillary  series  of  teeth  short.    Temporal  fossee  overroofed« 
Superior  surfi&ce  of  cranium  divided  into  more  or  less  swollen  area  by^ 
grooves. 

The  characters  above  enumerated  indicate  for  this  genus  a  position  near 
the  JDiadectida.    From  these  it  differs  in  the  form  of  the  teeth,  and  Hh^ 

•  Fxooeed.  Amer.  i'hlloe.  Soo.,  1882,  p.  450. 
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short  and  narrow  maxillary  bone.  Two  ilia  accompanying  the  cranium 
have  the  form  of  those  of  the  Olep»ydrop%dm,  and  difier  entirely  from  those 
of  the  IHadecHckB.  On  the  other  hand,  the  foramen  magnum  is  wide,  and 
the  exoccipitals  present  two  articular  facets  downwards  as  in  the  latter  fiimily. 
It  is  possible  that  the  genus  should  be  referred  to  the  Bolotauridm^  which  is 
in  dentition  intermediate  between  the  OUpsydropida  and  DiadeetidoB, 

A  femur,  which  is  included  in  the  lot  of  specimens,  has  a  wide  head  with- 
out trochanters,  convex  in  the  plane  of  the  distal  condyles  and  flat  in  the 
direction  at  right  angles  to  it.  There  is  a  huge  trochanteric  fossa  extend- 
ing from  the  head  two-fiflhs  the  length  to  the  condyles,  bordered  by  a  ridge 
on  each  side.  The  condyles  present  in  the  same  direction  as  the  fossa  pos- 
teriorly. They  are  separated  by  a  deep  anterior  and  posterior  emargina- 
tion.  Their  anterior  edges  overhang  the  condylar  articular  surfaces, 
making  acute  angles  with  them.  One  of  the  articular  surfkces  is  smaller, 
is  anteroposteriorly  extended,  and  has  a  convex  ectad,  and  concave  entad 
border.  The  other  surface  is  also  anteroposterior,  reaching  further  distad, 
but  not  so  far  proximad  as  the  other.  Its  area  is  greater  than  that  of  the 
other,  and  it  is  deeply  notched  by  the  entering. surface  of  the  bone  ectad 
and  proximad.  It  is  then  contracted  into  a  wide  isthmus,  and  the  lateral 
grooves  which  produce  this  isthmus  are  overhung  by  the  expansion  of  the 
anterior  face.  Tlie  anterior  face  of  the  femur  is  without  ridges  or  pro- 
cesses. 

The  condition  of  the  specimen  is  such  that  the  composition  of  the  skull 
may  be  readily  made  out.  The  postfrontal  bones  are  large,  and  form  the 
superior  border  of  the  orbit.  At  the  front  of  the  orbit  they  reach  the  pre- 
fontal,  thus  excluding  the  frontal.  The  parietal  bones  are  wider  than  the 
trontals,  and  are  bounded  laterally  by  the  postfrontals  and  the  squamosals 
and  by  an  element  between  the  squamosal  and  exoccipital,  which  occu- 
pies the  position  of  the  intercalare  of  the  StegocephaU.  Below  this  bone,  on 
the  inner  side  of  the  suspensorium,  is  the  probable  prootic.  The  squamo- 
sal, or  an  element  which  I  cannot  distinguish  from  that  bone,  extends  to 
the  condyle  of  the  quadrate,  concealing  that  bone  from  view  from  exter- 
nally. The  quadrate  is  short,  and  thins  out  rapidly  upwards,  being  clos«ly 
united  with  the  squamosal.  Its  condyle  is  set  at  an  angle  of  45'^  with  the 
axes  of  the  skull,  and  consists  of  one  flat  and  one  convex  surfaces,  con 
tinuous  but  forming  a  deep  angle  together.  Exterior  to  the  exoccipital 
and  interno-inferior  to  the  intercalare,  is  a  small  distinct  element,  appar 
cntly  in  the  position  of  an  opisthotic  or  external  occipital. 

The  excavation  for  the  auditory  apparatus  appears  to  be  in  the  exoccip 
ital.  It  is  almost  entirely  filled  by  what  I  suppose  to  be  a  large  stapes 
This  bone  is  in  shape  like  a  compressed  flask,  with  the  head  directed  in 
wards  and  forwards,  and  its  inferior  edge  produced  into  a  prominent  keel 
which  is  produced  into  a  point  below,  and  free  from  the  neck  of  the  flask 
The  head  is  truncate,  and  is  separated  from  the  internal  cranial  wall  by  a 
narrow  interspace.  Its  external  extremity  is  not  absolutely  perfect  in  the 
specimen,  but  does  not  appear  to  have  extended  in  an  ossified  condition  be- 
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yond  the  exoccipital  bone.  In  a  specimen  of  Empedioi  molars*  there  is  a 
meatus  auditorius,  in  which  the  stapes  was  not  found  on  cleaninsc  out. 
This  element  is  coosified  with  the  surrounding  bones  laterally  and  poste- 
riorly. Consequently  when  broken  open,  the  vestibule  is  represented  by 
two  deep  grooves,  directed  inwards  and  anteriorly. 

The  single  species  of  this  genus  is  one  of  the  largest  saurians  yet  obtained 
from  the  Permian  of  North  America. 

CJuiT,  specif.  The  superior  surface  of  the  skull  is  everywhere  flat,  as  is 
the  external  face  of  the  maxillary.  The  surface  of  the  latter  is  marked  by 
moderately  coarse  fossse  and  grooves,  separated  by  more  or  less  fine  irregu- 
lar but  generally  longitudinal  ridges.  The  minute  sculpture  of  the  supe- 
rior cranial  surface,  is  finer  and  more  punctate  in  character.  The  arese  of 
this  surface,  already  mentioned,  are  arranged  as  follows  :  There  is  a  series 
over  the  orbits,  which  are  separated  from  each  other  by  straight  grooves, 
and  which  grow  larger  and  more  swollen  posteriorly.  Between  these  su- 
praorbital rows,  the  areae  of  the  top  of  the  skull  are  separated  by  longitu- 
dinal grooves,  except  immediately  between  the  widths  of  the  orbits,  where 
there  are  some  narrow  transverse  arese.  On  the  supraoccipital  region  there 
is  a  median  subtriangular  area,  and  three  narrow  longitudinal  ones  on 
each  side  of  it.  External  to  these,  and  on  the  posterior  part  of  the  squa- 
mosal region,  the  arese  are  larger  and  more  swollen.  A  cluster  of  three  of 
these  lies  between  the  exoccipital  bone,  and  the  smooth  descending  surface 
of  the  posterior  edge  of  the  squamosal.  Of  these  the  one  bounding  the  ex- 
occipital bone,  is  a  robust  cone,  forming  a  short  horn,  like  that  occupying 
a  similar  place  in  the  homed  toad,  Phrynosoma  douglassi.  Between  the 
temporal  are®,  and  in  fVont  of  the  supraoccipital  arese,  on  each  side  of  the 
middle  line,  there  are  three  longitudinal  area;,  which  are  successively  nar- 
rower externally,  the  exterior  being  very  narrow.  On  the  frontal  region 
anterior  to  the  transverse  ares,  are  two  wide  longitudinal  arese.  Each 
nasal  bone  has  a  small  median  area,  from  which  radiate  grooves,  of  which 
some  of  the  posterior  are  close  together. 

The  occiput  Is  excavated  into  a  large  fossa  on  each  side  of  a  large  trian- 
gular supraoccipital  region.  The  fossae  are  bounded  externally  by  a  strong 
exoccipital  crest  and  at  the  anteroinferior  corner  by  the  ''opisthotic.'* 
This  bone  projects  posteriorly  and  downwards,  in  the  form  of  a  robust 
hook.  The  foramen  magnum  is  not  excavated  so  abruptly  above  the  ex- 
occipital facets  as  in  Empedias  molaris. 

Measurements  of  Skull  and  Femur.  M. 

Interorbital  width 108 

Length  from  supraoccipital  crest  to  frontonasal  suture. .  .135 
Width  between  apices  of  tuberosities  of  the  intercalaria.  .113 
Length  from  apex  of  tuberosities  to  inferior  extremity  of 
quadrate 120 

«  Vigured  In  the  Proceed.  Axner.  Philos.  See.  xlx.  p.  56. 
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Attasuremeiita  of 
if  quadrate  condyle  ■.  "' 

Length  of  maxillary  on  alveolar  edge 

Diameters  base  of  a  posterior  tooth  /  anieropoalerior. . . . 

"       of  liase  of  another  posicrior  f  anteroposterior . , 

tootli  \  transverse 

Length  of  femur 

Proilmal  diameters  of  femur /^"""P™**""' 

I  transverae 

Width  of  shaft 

"     dlatally  CgrefttW) ■ 


.lU 


Emfedias  Fisscfl,  sp.  nov. 

The  species  of  Empediat  form  a.  aeries  which  lUverges  fhnn  DiaAKtu  In 
a  successive  widening  of  the  crowns  of  the  teeth  and  dinuautkm  in  Uidi 
number.  Thus  the  D.  phateolinui  is  nearest  to  Diadettt»;  D.  laolarii  iuc- 
ceeds  it,  and  In  E.  fitiut  we  have  the  molariform  character  most  Firoriiflj' 
developed.  In  the  E.  latibuecatui,  ou  the  other  hand,  the  diminution  <4 
the  Iraaisverse  extent  of  many  of  the  teeih  and  the  areolar  sculpture  of  ilw 
superior  snrfece  of  ihe  cranium  points  in  the  direction  of  the  genus  CM#> 
nj/x.     The  species  of  Einpedlaa  may  be  easily  dislinguishcd  km  follows  : 

I.  Surliiceof  skull  divided  by  grooves  Into  arete. 

Baperior  teeth,  16  on  each  side,  a  number  on  each  end  of  the  maiilluy 
boneof  little  transverse  extent E.  latibuceatm. 

II.  Surface  of  skull  uniformly  rugose. 

Superiorteeth  narrower,  13  on  each  side,  the  last  one  small,  sphenoid  fltt, 

pterygoids  narrow E.  phauoUtm- 

Superior  teeth  wider,  14  on  each   side,  the  last  one  smaller,  sphenoid  keeled 

medially,  pterygoids  wide B.  molarit. 

Superior  teeth  wider,  14  on  each  aide,  the  last  the  largest,  sphenoid  dm 

keeled E.  JUm. 

Of  the  E.  laCibueeatu*  I  liave  two  specimens  with  teeth,  one  including  t 
large  part  of  the  cranium  and  lower  jaw.  Of  the  E.  phoMMlinut  I  hira 
Ave  specimens  with  teeth,  one  of  which  embraces  a  nearly  complete  skull 
and  a  large  part  of  the  skeleton.  Of  ttie  E.  tnoUirit  I  have  also  five  iodi- 
viduals,  of  wliicli  three  are  crania.  The  E.  Ji*tu$  is  represented  by  two  in- 
dividuals. One  of  these  is  one  side  of  the  entire  upper  jaw  ;  the  otherlt 
a  broken  skull  with  the  four  series  of  molnr  teeth.  Of  other  parts  oftlis 
skeleton,  not  identified  as  to  species,  I  have  a  large  number. 

The  Empediaa  jUiut  Is  nearest  the  E.  molarit,  and  has  the  same  nutnbff 
of  teeth.  It  dlfiers,  however,  in  various  essential  points.  The  last  max- 
illary tooth,  which  is  much  reduced  in  size  in  the  E.  molarit,  is  here  u 
large  as  any  of  the  others.  The  portion  of  the  crown  within  the  medium 
cusp  is  fissured  medially  in  the  direction  of  its  length  ;  that  is,  traDSveiMly 
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to  the  axis  of  the  jaws.  This  fissure  is  not  so  distinct  in  the  mandibular 
teeth.  The  median  cusp  has  a  straight  edge  at  right  angles  to  the  long 
axis  of  the  crown.  The  specimen  where  the  entire  dental  series  of  one  side 
is  preserved,  shows  that  the  latter  has  a  sigmoid  flexure,  the  middle  of  the 
maxillary  bone  being  incurved,  and  the  anterior  part  convex  outwards. 
There  are  flve  or  six  conic  teeth  between  the  incisors  and  the  molars. 

The  inferior  surface  of  the  sphenoid  bone  is  medially  flat  in  transverse 
section,  and  concave  anteroposteriorly,  in  this  resembling  J3J,  pTuueolinui 
rather  than  JE.  molarU,  The  upper  jaw  specimen  shows  that  the  muzzle 
projects  beyond  the  incisor  teeth,  which  is  not  the  case  in  E.  pJuiseolinui, 
which  has  the  incisors  very  prominent.  The  supraorbital  border  is  regu- 
larly convex,  and  not  depressed  and  notched  as  in  E,  phaseolinus  and  E, 
latihuecatiis.  The  superior  surface  of  the  skull  is  marked  with  innumerable 
small  impressed  pits,  and  assumes  a  spongy  appearance  above  the  orbits. 

Ife€uurement8. 

No.  1.  M. 

Length  of  last  six  superior  molars 055 

Diameters  of  antepenult  molar  |  anteroposterior 010 

C  transverse 020 

j- vertical 013 

Diameters  of  crown  of  incisor  ■!  transverse  (at  base) . .  - .  .007 

I  anteroposterior Oil 

No.  2. 

Length  of  dental  series  in  a  straight  line 093 

Width  of  palate  at  anterior  expanse 062 

**  "         contraction 068 

"  •*     between  widest  molars 036 

Discovered  by  Mr.  W.  F.  Cummins. 

Empbdias  phasbolinub  Cope,  Proceeds.  American  Philosoph.  Society, 
Hay,  1880  {DiadecM), 

The  fine  specimen  of  this  species  above  mentioned,  which  was  obtained 
by  Mr.  Cummins,  includes  some  parts  of  the  skeleton  not  or  rarely  found 
hitherto.  The  pelvis  shows  that  the  corresponding  part  described  by  me. 
Proceedings  of  the  American  Philosophical  Society,  1882,  p.  448,  belongs 
to  another  species  of  this  group.  The  clavicles  are  preserved,  and  enable 
me  to  identify  the  corresponding  part  of  another  species  in  which  the  struc- 
tare  is  more  distinctly  visible.  This  shows  an  epistemum  wedged  in  be- 
tween the  adjacent  extremities  of  the  clavicles,  which  are  here  very  robust. 
Bat  a  small  part  of  it  appears  in  the  inferior  surface,  but  superiorly  it  forms 
a  plate  which  covers  the  symphysis  of  the  clavicles,  but  does  not  extend 
posterior  to  them.  The  suture  of  the  epistemum  with  the  clavicles  below 
ii  a  ooarse  interdigitation.  Posterior  to  it  is  the  symphysis  of  the  clavicles. 

The  skull  of  this  specimen  is  the  first  that  I  have  seen  in  this  group 
which  possesses  a  basioccipital  bone  and  condyle.  This  proves  that  in  the 
fire  other  crania  of  allied  species,  it  has  fiUlen  out,  which  indicates  i*' 
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weak  attachment  to  the  sphenoid.  The  lateral  superior  articular  &cets  of 
the  exoccipital  bone  are  characteristic  of  the  family,  and  of  the  genus 
Ohilonyx.  This  skull  also  shows  that  the  premaxillary  bones  may  be  dis- 
tinct, and  that  they  extend  but  a  short  distance  on  the  superior  face  of  the 
muzzle. 

In  this  species  the  intemrbital  region  is  wide  and  concave,  and  the  pa- 
rietal regions  are  swollen  and  convex.  The  supraorbital  border  ia  nearly 
straight,  and  has  an  open  notch  medially. 

The  hyposphen  varies  in  size  in  different  parts  of  the  vertebral  column, 
and  is  generally  very  large.    The  neural  spines  have  bilobate  extremities. 


Stated  Meeting,  Jan,  5,  1883. 

Present,  8  members. 

President,  Mr.  Fraley,  in  the  Chain 

The  resignations  of  A.  E.  Outerbridge,  Jr.,  dated  May  15, 
1882 ;  of  B.  B.  Comegys,  dated  Nov.  1  1882 ;  of  Alfred 
Stills,  dated  Dec.  28, 1883  ;  and  of  Horatio  C.  Wood,  dated 
Jan.  3, 1833,  were  announced  by  the  Treasurer,  and  on  motion 
accepted. 

The  death  of  John  Forsyth  Meigs,  M.D.,  at  Philadelphia, 
Dec.  17,  1882,  aged  65,  was  announced. 

The  death  of  the  Rev'd  Charles  P.  Krauth,  D.D.,  Vice- 
Provost  of  the  University,  at  Philadelphia,  Jan.  2, 1883, 
aged  59,  was  announced.  The  President  was  authorized  to 
provide  for  obituary  notices  of  the  deceased. 

Donations  for  the  Library  were  reported  from  the  Geo- 
graphical Societies  at  Munich,  Bordeaux  and  Paris;  the 
Meteorological  and  Astronomical  Societies  in  London  ;  the 
Society  at  Riga ;  the  American  Society  at  Paris ;  the  Pea- 
body  Fund  and  the  Museum  of  Comparative  Zoology  at  Cam- 
bridge ;  the  Boston  Zoological  and  Natural  History  Socie- 
ties ;  American  Journal  of  Science ;  American  Academy  of 
Medicine ;  N.  Y.  Academy  of  Science  ;  Franklin  Institute ; 


188S.] 


637 


Academy  of  Natural  Sciences ;  Second  Geological  Survey  of 
Pennsylvania;  Union  League;  Library  CJo. ;  Mrs.  Tyn- 
dale ;  U.  S.  Bureaus  of  Ethnology  and  Education ;  Washing- 
ton Philosophical  Society  ;  U.  S.  Coast  Survey ;  U.  S.  Naval 
Institute ;  £oyal  Asiatic  Society  of  Shanghai ;  M.  Leon 
Fernandez  and  the  Revista  Euskara. 

Prof.  Cope  communicated  a  paper  entitled :  "  First  addi- 
tion to  the  Fauna  of  the  Puerco  Eocene." 

Pending  nominations  Nos.  969  to  980  were  read. 

Annual  appropriations  for  1888  were  passed. 

The  request  of  Dr.  Frazer  to  withdraw  his  Summary  of 
the  Geology  of  Egypt  was  granted. 

The  result  of  the  Annital  Election  was  reported  : — 

President, 
Frederick  Fraley. 

Vice-Ih'esidents. 
Eli  K.  Price,  K  0.  Kendall,  J.  L.  LeConte, 

Secretaries. 

P.  E.  Chase,  G.  F.  Barker,  D.  G.  Brinton, 

J.  P.  Lesley. 

Oounsellors  for  three  years. 

IBi.  E.  Rogers,  0.  Seidensticker,  R.  Wood, 

P.  H.  Law. 

Counsellor  for  two  years  (in  the  place  of  B.  F.  Marsh  de- 
ceased), C.  A.  Ashburner. 

Curators. 
<3.  M.  Cresson,  Henry  Phillips,  Jr.,         Gteo.  H.  Horn. 

TVeasurer. 
J.  Sergeant  Price. 

The  meeting  was  then  adjourned. 
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Stated  Meeting,  Jan.  19,  1883. 

Present,  8  members, 

Vice-President,  Mr.  Price,  in  the  Chair. 

Dr.  Pepper  by  letter,  Jan.  8,  accepted  his  appointment  to 
prepare  an  obituary  notice  of  Dr.  J.  F.  Meigs. 

Dr.  Muhlenberg,  by  letter  of  same  date,  accepted  his  ap- 
pointment to  prepare  an  obituary  notice  of  the  Rev.  Dr. 
Erauth. 

A  photograph  of  Admiral  J.  Downes,  for  the  Album,  was 
received. 

Donations  for  the  Library  were  reported  from  the  Royal 
Academy,  Brussels ;  Flora  Batava ;  Annales  des  Mines ; 
Commercial  Qeographical  Society,  Bordeaux ;  Royal  Geologi- 
cal Society  and  London  Nature  ;  Canadian  Institute ;  Essex 
Institute ;  Museum  of  Comparative  Zoology  and  Peabody 
Museum ;  American  Journal  of  Medical  Science ;  American 
Journal  of  Pharmacy ;  Mr.  Henry  Phillips,  Jr. ;  Ohio 
Mechanical  Institute  ;  T.  L.  Campbell ;  and  the  American 
Antiquarian  Society. 

The  death  of  Dr.  W.  H.  Allen,  President  of  Girard  Col- 
lege, August  29, 1882,  aged  74,  was  ordered  to  be  inserted 
in  the  minutes. 

Prof.  P.  E.  Chase  communicated  "  Photodynamic  ISTotes, 
No.  VIL" 

Mr.  Lesley  communicated  a  Memorandum  of  the  Progress 
of  the  Second  Geological  Survey  of  Pennsylvania,  from  the 
beginning,  by  Counties  alphabetically  arranged. 

Prof.  Barker  exhibited  and  explained  his  new  Standard 
Cell  for  testing  potentials  of  electricity. 

Dr.  Frazer  exhibited  and  described  a  collection  of  rock 
specimens  from  St.  Davids  and  elsewhere  in  Great  Britain, 
with  special  regard  to  their  likeness  to  certain  rocks  Id 
Pennsylvania. 
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Gtoneral  Thayer  described  some  curious  effects  observed 
by  him  in  osiug  a  secondary  electrical  battery. 
Mr.  Lesley  was  elected  Librarian  for  the  ensuing  year. 
Standing  Committees  were  appointed,  as  follows : 

Finance.  Hall. 

Eli  K.  Price,  J.  Sergeant  Price, 

Henry  Winsor,  W.  A.  Ingham, 

J.  Price  Wetherill.  0.  G.  Ames. 

Publication.  Library. 

J.  L.  LeConte,  E.  K.  Price, 

D.  G.  Brinton,  E.  J.  Houston, 

0.  M.  Cresson,  Henfy  Phillips,  Jr., 

G.  H.  Horn,  W.  V.  McKean, 

Persifor  Frazer.  Thos.  H.  Dudley. 

The  reading  of  the  list  of  members  was  postponed. 

Pending  nominations  Nos.  969  to  980  were  read ;  979  was 
postponed  ;  the  rest  were  balloted  for. 

The  Library  Committee  were  instructed  to  proceed  with 
the  printing  of  the  last  part  of  the  Catalogue.  (530  MSS. 
pages  =  270  ±  pp.  of  text.) 

A  Committee  of  three  was  appointed  to  draw  up  a 
Memorial  to  Congress  urging  the  continuance  of  the  Light 
House  Board  and  the  Coast  Survey  under  the  direction  and 
control  of  the  tJ.  S.  Treasury  Department,  the  Committee  to 
consist  of  Messrs.  Fraley,  Dudley  and  Frazer. 

New  members  elected : — 

J.  Bennett  Lawes,  LL.D.,  of  Rothumstead,  Herts,  Eng. 

J.  0.  Westwood,  Hope  Prof.  Entom.,  Oxford,  Eng. 

J.  Cheston  Morris,  M.D.,  of  Philadelphia. 

Jas.  Russell  L6well,  Min.  Plen.  U.  S.  to  England. 

Herbert  Spencer,  of  England. 

Rev.  Joseph  May,  of  Philadelphia. 

Wm.  Morris  Davis,  of  Philadelphia. 

8.  F.  Emmons,  U.  S.  Geologist,  Washington,  D.  C. 
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James  Maofarlane,  of  Towanda,  Penna. 

E.  "W.  Clay  pole,  2d  Q^ol.  Survey,  New  Bloomfield,  Perry 

Co.,  Pa. 
Wm.  H.  Pancoast,  M.D.,  of  Philadelphia. 

And  the  meeting  was  adjourned. 


Stated  Meeting,  Feb.  2,  1883. 
Present,  14  members. 

President,  Mr.  Fraley,  in  the  Chair. 

Letters  accepting?  membership  were  received  from  Rev. 
Jos.  May,  Jan.  23,  and  Mr.  W.  M.  Davis,  Milestown  (Phil.), 
Jan.  28. 

Letters  of  envoy  and  acknowledgment  were  read. 

Donations  for  the  Library  were  reported  from  the  Mining 
Department, Melbourne  ;  Geographical  Soc.,  St.  Petersburg; 
Turin  Observatory;  Academia  dei  Lincei;  Revue  Poli- 
tique ;  Commercial  Geographical  Society,  Bordeaux  ;  Royal 
Museum  of  Natural  History,  Brussels ;  Royal  Astronomical 
Society  and  Kew  Observatory,  London  ;  Nova  Scotia  Insti- 
tute ;  Massachusetts  Historical  Society ;  Museum  of  Com- 
parative Zoology  ;  Amer.  Jour,  of  Science ;  Meteorological 
Observatory,  Central  Park,  New  York ;  New  Jersey  Histor- 
ical Society  ;  Franklin  Institute  ;  H.  Phillips,  Jr. ;  McCalla 
&  Stavely  ;  Amateur  Naturalist  (Germantown) ;  American 
Chemical  Journal;  American  Journal  of  Mathematics; 
Signal  Service  Bureau  ;  U".  S.  National  Observatory ;  Engi- 
neer Department  D".  S.  A. 

Proceedings  A.  P.  S.  No.  112,  was  laid  on  the  table. 

Dr.  W.  H.  Pancoast  was  appointed  to  prepare  an  obituary 
notice  of  Prof.  Joseph  Pancoast. 

Dr.  Rothrock  read  a  memoir  on  the  microscopic  differences 
in  woods.     (See  page  599.) 

After  a  discussion  of  the  subject  by  Messrs.  Price,  Davis^ 
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Bothrock,  Lesley,  Frazer  and  Kane,  with  special  reference 
to  the  occurrence  of  abnormal  rings  in  timber,  Mr.  Price 
desired  it  to  be  remarked  that  Dr. .  Rothrock's  important 
practical  discovery  was  the  direct  result  of  the  practical  use 
to  which  the  American  Philosophical  .Society  had  put  its 
portion  of  the  Michaux  Legacy,  as  the  minutes  of  the  last 
few  years  show. 

Dr.  Frazer  communicated  a  paper  entitled  :  "  Some  Com- 
parative tables  showing  the  distribution  of  Ferns  in  the 
United  States,"  by  Geo.  K  Davenport,  of  Medford,  Mass. 
(See  page  605.) 

Dr.  Frazer  presented  the  report  of  the  Special  Committee 
on  a  Memorial  to  Congress,  which  was  approved,  and  the 
Officers  were  authorized  to  sign  the  Memorial  and  transmit 
it  to  Congress.  The  Committee  was  discharged  from  the 
consideration  of  that  part  of  the  subject  which  related  to 
the  Light  House  Board. 

The  President  reported  that  he  had  received  and  paid  over 
to  the  Treasurer  $182.75,  being  the  quarterly  interest  on  the 
Michaux  Legacy  last  due. 

On  motion  of  Mr.  Price,  the  expense  of  preparing  the 
illustrations  of  Dr.  Roth  rock's  paper  was  charged  to  the 
Michaux  Legacy  fund. 


Stated  Meeting,  Feb.  16,  1883. 
Present,  11  members. 

President,  Mr.  Fraley,  in  the  Chair. 

Messrs.  Macfarlane,  Claypole  and  Emmons  by  letter  ac- 
cepted their  election  to  membership. 

Letters  of  acknowledgment  and  envoy  were  read. 

Donations  for  the  Library  were  reported  from  the  S.  N. 
Antiq.,  Copenhagen;  Royal  Academia  dei  Lincei ;  Geo- 
graphical Societies  at  Paris  and  Bordeaux ;  Revista  Euskara; 
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Kew  Observatory ;  London  Nature  ;  Royal  Geologiotl 
Society,  Cornwall ;  Boston  Natural  History  Society  ;  Mr. 
Geo.  B.  Dixwell;  American  Antiquarian  Society ;  Weelcyan 
University  ;  Begents  of  the  University,  N.  Y.  ;  Numismatia 
and  Antif|iiarian  Society  ;  Engineer  Club  ;  Mr.  H,  Phillips, 
Jr. ;  Dr.  D.  G.  Brinton  ;  American  Journal  of  Pharmacj:; 
Second  Geological  Survey  of  Pa.  j  U.  S.  Mint ;  War  De- 
partment; Wisconsin  Historical  Society;  and  Mrs,  R.  Iforria 
of  Nice  in  France. — A  rare  copy  of  Kaempfer's  Japan ;  and 
a  MS.  volume  of  Japanese  flowers,  painted  by  native  artisU 
for  Mr.  Geo.  Tyson  of  Boston  during  his  residence  in  China, 
were  presented  by  Mr.  Morris  Davis  of  Milcstown,  Phila.— 
— Cap".  A.  D.  Bache,  presented,  through  Mr.  Fairman  Rogen, 
an  old  MS.  of  the  Address  of  the  Earl  of  Macclesfield  to  tbe 
Royal  Society  at  the  presentation  of  the  Coplay  Mckt  of 
1763  to  Benjaraiu  Franklin.  This  MS.  has  the  appearance 
of  being  the  original  document.  On  motion  the  thanks  of 
the  Society  were  tendered  to  Mr.  Bache, 

The  death  of  Dr.  B.  H.  Rand,  at  Phila<lelphia,  February 
14,  aged  55,  was  aiinouucod. 

Mr.  Lewis  introduced  a  discussion  upon  the  thickness  and 
movement  of  the  Continental  Glacier,  in  which  Messrs. 
Frazer,  Lesley  and  Price  took  part. 

The  minutes  of  the  last  meeting  of  the  Board  of  Officer) 
were  read. 

Pending  nominations  Nos.  979,  981  and  new  nominatioos 
Nos.  982,  983  and  984  were  read. 

RuoVoed,  That  the  PresidcDt  be  aulhorizcd  to  appoint  as  delegates  io  ili« 
CougriJs  des  AnicricaDistes,  to  meet  at  Copenhagea  next  September,  iv 
members  of  tlie  Society  wlio  expect  to  be  prcaenl  on  that  occasion.  prO' 
Tided  that  the  Society  bo  not  subjected  to  any  expense  by  the  delegition- 

Dr.  Brinton  and  Mr.  Henry  Phillips,  Jr.,  were  appointed. 

Raolved,  TUnt  tlie  Finance  Committee  be  requested  Io  Invesligste  lie 
condition  of  tlic  Magcilaiiic  Premium  funds,  and  make  Tccommend&tioiil 
for  tlie  appropriation  of  tlic  surplus  iucome  fund  for  such  purpOM  oc 
purpoaea  aa  Ibcy  may  think  appropriate  to  the  objects  of  Ihe  Society. 

And  the  meeting  was  adjourned. 
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Stated  Meeting,  March  S,.  188S, 
Present,  14  members. 

President,  Mr.  Fralby,  in  the  Chair. 

Letters  accepting  membership  were  received  from  J.  0. 
Westwood,  of  Oxford,  England,  dated  February  12 ;  and 
from  James  Russell  Lowell,  dated  London,  Feb.  11. 

Letters  of  acknowledgment  and  envoy  were  read. 

Donations  for  the  Library  were  received  from  the  Geo- 
graphical Societies  of  Paris  and  Bordeaux  ;  Revue  Politique  ; 
Belgian  Academy  ;  Abb6  Renard ;  E.  Ludwig ;  Royal 
Society,  Society  of  Antiquaries  and  London  Nature  ;  Dr.  Ed. 
Jar  vis  ;  U.  S.  Military  Academy  ;  Prof.  Mansfield  Merri- 
man  ;  Dr.  C.  H.  F.  Peters  ;  New  Jersey  Historical  Society ; 
Mr.  T.  H.  Dudley  ;  Franklin  Institute  ;  Mr.  E.  S.  Holden  ; 
U.  S.  Naval  Institute ;  San  Francisco  Mercantile  Library 
Association  ;  American  Journal  of  Science ;  "  Science  '* ; 
U.  S.  National  Museum  ;  Census  Bureau  ;  C.  A.  Ashburner, 
and  B.  S.  Lyman. 

Mr.  Horatio  Hale  read  a  paper  on  the  Tutelo  Indians  and 
their  language.    (See  Vol.  XXI,  page  1.) 

Dr.  Frazer  exhibited  two  aneroid  barometers  and  described 
some  useful  improvements  suggested  by  him,  executed  by 
Hicks  of  London.    (See  page  604.) 

Pending  nominations  Nos.  979,  981  and  984  were  read. 

Prof.  Cope  described  as  preposterous  certain  current  news- 
paper explanations  of  the  cause  of  the  extinction  of  fossil 
mammalia  in  the  West,  by  cold  and  by  drought. 

And  the  meeting  was  adjourned. 
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Stated  Meetlnij,  March  J6,  ISSJ. 

Preeent,  16  members.  ^^^| 

PreBkient,  Mr.  Fraley,  in  tlie  Chair.  ^^^^ 

Letters  of  envoy  ami  acknowledgment  were  reaJ. 

Donations  for  the  Library  were  re^iorted  from  the  Societie* 
at  Moscow,  Konigsbei-g,  St.  Gall,  Frankfurt,  Wiesbaden, 
Bordeaux  ami  Cherbourg  ;  the  Observatoriea  at  St,  PeterB- 
burg,  Cambritlge,  Mass.,  ami  Mt.  Hamilton ;  the  German  Geo- 
logical Society,  Physical  Society,  and  W.  Franzen  of  Berlin; 
the  Belgian  Academy,  Bureau  of  Statistica,  and  Bureau  of 
the  Interior;  the  Lyons  Society  of  Agriculture  and  Mtisee 
Guimet;  the  Flora  Batava;  the  Society  of  Gflography,  Anti- 
quaries, Anthroiwlogy,  and  Geology  of  Paria;  the  Revue  Jo 
PHiatotre  dea  Religions  and  Revuo  Politique ;  the  Royal  hh 
Btitute,  Victoria  Institute,  Met,  C  R.  Society  ;  Royal  Ge> 
graphical.  Royal  Asiatic,  Geological  and  Zoological  Soci^ 
ties;  London  Xature;  Boston  National  History  Society; 
"  Science " ;  N.  Y.  Linnean  Society  ;  Index  Medicm ; 
American  Journal  of  Pharmacy;  H.  C  Lewis;  Public 
Building  Commiaaion,  Phil. ;  U.  S.  Coast  Survey,  Bureau ot 
Education,  Interior  Department,  National  Museum;  Missouri 
Historical  Society;  Hamilton  A.  Hill,  of  Boston;  P.  P- 
Sharpies  (Copy  of  the  Monthly  Mag.  for  Jan.  1784);  ami 
Mr.  Henry  Phillips,  Jr. 

An  Obituary  notice  of  Dr.  Krauth,  was  read  by  Dr. 
Muhlenberg,     (See  page  613.) 

The  death  of  the  oldest  member  of  the  Society,  Mr,  Ueory 
Seybert,  at  Philadelphia,  March  3,  aged  82,  was  announced 
by  Mr.  J,  S.  Price ;  and  the  President  was  requested  to  select 
a  suitable  person  to  prepare  an  obituary  notice  of  the  de- 
ceased. 

Dr.  Brinton  read  a  paper  entitled  "On  Mediaeval  Sermon 
Books  and  Stories,"  by  Prof.  T.  F,  Crane,  of  Cornell  Unive^ 
eity.     (See  Vol.  XXI,  No.  114.) 
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Prof.  Cope  communicated  a  paper  entitled  "  Fourth  Con* 
tribution  to  the  History  of  the  Permian  Formation  of 
Texas."    (See  page  628.) 

The  action  of  the  Curators  was  approved  in  regard  to 
lending  for  scientific  examination  the  Mexican  flutes  belong- 
ing to  the  Cabinet  of  the  Society,  deposited  at  the  Academy 
of  Natural  Sciences. 

Dr.  Frazer  took  occasion  from  Dr.  Brinton*s  remarks 
prefatory  to  the  reading  of  Prof.  Crane's  paper,  to  ex- 
press his  views  regarding  the  presumptive  restriction 
of  authors  of  papers  from  using  already  published  matter 
in  said  papers.  Mr.  E.  K.  Price  and  Mr.  Fraley  ex- 
plained the  habitually  liberal  policy  of  the  Society  in  respect 
of  communications  made  for  publication.  Mr.  Lesley  ex- 
pressed the  hope  that  the  broadly  "  philosophical"  character 
of  the  Society  would  be  maintained,  and  that  the  Proceed- 
ings would  not  become  restricted  to  the  narrow  limits  of 
Natural  History  or  the  Physical  sciences,  so  called,  but  that 
the  Society  would  encourage  its  members  to  communicate^ 
for  publication  their  best  mature  thinking  in  whatever  de- 
partment of  human  knowledge  they  might  engage. 

Pending  nominations  Nos.  979,  981  to  984  were  read,  and 
the  meeting  was  adjourned; 


Stated  Meeting^  April  ff,  1883. 

Present,.  13  members. 
President,  Mr.  Fralby,  in  the  Chftir. 

Memberships  accepted:  G.  Plants ;  J.  B.  Lawes. 

Membership  declined :  Jos.  May. 

Letters  of  acknowledgment  were  received  from  the  Royal' 
Society  of  New  South  Wales  (107-111) ;  M.  Edw.  Dupont 
(111) ;  Geological  and  Natural  History  Survey  of  Canada^ 
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Toronto  ^67-60,  61-62,  67,  69,  75,  87 ;  HI,  IV,  V) ;  Smith- 
Bonian  Institution  (112) ;  and  Mr.  Thos.  C.  Porter  (112). 

Letters  of  envoy  were  received  from  the  Geological  Sur- 
vey of  India;  University  at  Lund  ;  Batavian  Society,  Rot- 
terdam ;  Oberhessischen  Gesellschaft,  Giessen ;  and  the  Me- 
teorological OflBice,  London. 

A  letter  of  envoy,  requesting  exchanges,  was  received 
from  the  Historical  and  Scientific  Society  of  Manitoba, 
Winnipeg,  March  20, 1883.     [See  below.] 

Donations  were  received  from  the  Academies  at  St.  Peters- 
burg, Copenhagen,  Brussels,  Rome,  Madrid  and  Philadel- 
phia ;  the  Royal  Societies,  in  N.  S.  Wales,  Victoria,  Rotter- 
dam and  London ;  the  Royal  Astronomical  Society  at  Lon- 
don ;  the  Royal  Society  of  Antiquaries,  Copenhagen ;  the 
Geological  Society  at  Halle ;  the  Geological  Surveys  of  India, 
New  York,  and  New  Jersey ;  the  Geographical  Societies 
at  Paris  and  Bordeaux ;  the  Historical  Societies  in  Provi- 
dence, Wilkesbarre  and  Winnipeg,  Manitoba;  the  Swedish 
Bureau  of  Statistics ;  Lund  University  ;  Upper  Hessian  So- 
ciety ;  General  Society  of  Prisons  at  Paris ;  Observatory 
at  San  Fernando;  the  Revista  Euskara;  London  Nature 
and  National  Review ;  Boston  Society  of  Natural  History ; 
S.  n.  Scudder ;  II.  A.  Hill ;  Silliman's  Journal ;  Franklin 
Institute,  American  Journal  of  Pharmacy,  American  Journal 
of  Medical  Sciences,  T.  Dudley,  H.  Phillips,  Jr.,  H.  C. 
Lewis,  Dr.  J.  G.  Lee,  P.  P.  Sharpies,  of  Philadelphia; 
American  Chemical  Journal ;  F.  B.  Hough,  of  Washington; 
Ohio  Mechanics'  Institute  ;  National  Mexican  Museum. 

A  letter  from  Mr.  Moncure  Robinson  was  received  accept- 
ing his  appointment  to  prepare  an  obituary  notice  of  Henry 
Seybert. 

The  death  of  Daniel  B.  Smith,  at  Germantown,  March 
29th,  in  the  92d  year  of  his  age,  was  announced  by  Mr. 
Fraley ;  and  Prof.  P.  E.  Chase  was  appointed  to  prepare  an 
obituary  notice  of  the  deceased. 

Mr.  Davis  read  a  paper  "On  the  conversion  of  chlorine 
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into  hydrochloric  acid,  as  observed  in  the  deposition  of  gold 
from  its  solution  by  charcoal/' 

Prof.  E.  W.  Claypole  communicated,  through  the  Secre^ 
tary,  two  papers  entitled,  **  On  the  Kingsmill  white  sand- 
stone," and  "Note  on  a  large  fish-plate  from  the  Upper 
Chemung  (?)  beds  of  Northern  Pennsylvania." 

Rev.  J.  Hagen,  S.  J.,  Prof.  College  of  the  Sacred  Heart, 
Prairie  du  Chien,  Wis.,  communicated,  through  Dr.  Brinton^ 
a  paper  entitled,  "  On  the  reversion  of  series  and  its  applica- 
tion to  the  solution  of  numerical  equations." 

Mr.  John  Sharpies  communicated  through  Prof.  P.  IL 
Chase,  a  paper  entitled,  "  The  latitude  of  Haverford  Col- 
lege." 

Mr.  Lockington  read  a  paper  entitled,  "  The  role  of  para- 
sitic protophytes ;  are  they  the  primary  or  the  secondary 
cause  of  zymotic  diseases." 

Dr.  Barker  exhibited  two  bronze  medals  which  he  had 
received,  in  Paris,  as  a  delegate  to  the  International  Congress 
of  Electricians,  and  as  a  Commissioner  to  the  International 
Exhibition  of  Electricity,  held  in  Paris  in  1881 ;  and  also  a 
medal  struck  by  the  Institut  de  France  in  commemoration 
of  the  transit  of  Venus. 

Pending  nominations  Nos.  979,  981-984,  and  new  nomina- 
tion No.  986,  were  read. 

The  Historical  and  Scientific  Society  of  Manitoba,  Win- 
nipeg (see  its  letter,  March  20),  was  ordered  to  be  placed  on 
the  list  of  corresponding  Societies  to  receive  the  Proceedings 
from  date. 

Dr.  Brinton  in  behalf  of  the  owners  ofifered  some  valuable 
documents.  On  motion,  the  President  was  re()uested  to  ex- 
amine them  and  report  to  the  Society. 

The  Finance  Committee  reported  "  that  in  the  matter  of 
the  Magellanic  Fund  referred  to  it,  the  subject  was  consid- 
ered, assisted  by  the  President,  and  it  was  concluded  that 
BO  change  in  the  present  regulations  was  needed."  Report 
accepted. 
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The  Secretaries  were  authorized  to  publish  with  Mr. 
Hale's  paper  on  the  Tutelo  Indians  a  fac-simile  photograph 
of  the  old  Tutelo  Chief,  the  last  of  his  tribe.    (See  No.  114.) 

The  Committee  on  the  Michaux  Legacy  reported  as  fol- 
lows: 

**  That  the  appropriation  made  for  a  course  of  lectures  in  Fairmount 
Park  for  1882  by  Professor  Rothrock,  to  wit,  two  hundred  and  eighty 
•dollars  for  the  Professor,  and  fifty  dollars  for  advertising,  was  duly  receired 
Arom  the  Treasurer,  and  applied  as  intended. 

"The  lectures,  fourteen  in  number,  were  upon  the  subjects  in  the  an- 
nexed printed  schedule ;  and  were  attended  by  increased  numbers  of 
<;itizens  of  both  sexes.  There  is  a  growing  interest  in  these  subjects  in 
our  community,  amply  to  Justify  the  Society's  appropriation  in  that  direc- 
tion. The  Committee  recommend  the  same  amounts  to  be  voted  for  1883^ 
for  lectures  as  in  Schedule  No,  2,  annexed." 

It  was  then,  on  recommendation  of  the  Committee, 

Hesolvedf  That  an  appropriation  be  made  from  the  Michaux  Legacy  of 
two  hundred  and  eighty  dollars  for  Professor  Rothrock's  lectures  in  Fair- 
mount  Park,  and  fifty  dollars  for  advertising  them,  and  that  the  Treasurer 
be  authorized  to  make  payments  under  the  direction  of  the  Chairman  of 
the  Committee  on  the  Michaux  Legacy. 

The  following  schedule  of  proposed  lectures  for  1883  was 
appended  to  the  report : 

Free  Lectures  in  Fairmount  Park,  on  Botany  and  Tree  Culture,  by  Profestor 

Bothrock,  on  Saturdays,  at  4  P.  M, 

April  21.  The  value  of  Science  to  Mankind. 

**     28.  Young  Plants  ;  how  studied  in  life. 
May     5.  Relations  of  Plants  to  National  Prosperity. 

12.  The  Microscope  ;  what  it  is  ;  what  it  does  ;  how  to  use  it. 

19.  A  thriving  colony  on  a  Spruce  Tree. 

20.  What  the  Leaves  do,  and  how  they  do  it. 
June     2.  Wasted  food. 
Sept.     8.  The  Forests  of  the  Sea. 

15.  The  American  Forests,  and  their  special  importance. 
22.  American  Timber,  and  its  special  value. 
29.  Old  and  new  systems  of  Classification. 
Oct.      6.  Vegetable  Units,  and  how  they  make  the  plant. 

The  Curators  reported  the  safe  return  of  the  Mexican 
flutes  borrowed  by  Mr.  Cresson,  and  studied  by  Mr.  Cox, 
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who  had  obtained  from  them  a  diatonic  scale  of  an  octave 
and  a  quarter  in  extent. 

The  Librarian  reported  the  completion  of  his  MS.  con- 
densed copy  of  the  early  records  of  the  Proceedings  of  the 
Society  from  1744  to  1837.  The  subject  of  printing  the 
same  was  referred  to  the  Committee  of  Five  (Phillips,  Horn, 
Lewis,  Brinton  and  Law)  appointed  December  16, 1881. 

And  the  meeting  was  adjourned. 


On  the  MeMurement  of  Electromotive  Force.    By  Oeorge  F.  Barker, 
{Read  before  t?ie  American  Philosophical  Society,  January  19,  1S8S. ) 

The  term  electromotive  force  is  applied  to  that  force  which  tends  to  set 
electricity  in  motion.  It  appears  to  have  been  used  first  by  Ohm,  who  in 
1827  gave  precision  to  the  study  of  electric  currents  by  formulating  his 
■well  known  law: — The  strength  of  an  electric  current  is  directly  propor- 
tional to  the  sum  of  the  electromotive  forces  and  inversely  proportional 
to  the  sum  of  the  resistances  in  the  circuit. 

The  measurement  of  electromotive  force  may  be  absolute  or  relative ; 
absolute  when  it  is  determined  directly,  relative  when  its  value  is  obtain- 
ed by  comparison,  the  ratio  of  an  unknown  to  a  known  electromotive 
force  being  the  object  of  the  measurement.  In  both  measurements,  the  final 
standard  of  electromotive  force  is  an  absolute  unit,  based  upon  the  funda- 
mental  units  of  mass,  length  and  time ;  since  these  are  respectively 
the  centimeter,  the  gram  and  the  second,  absolute  units  are  often 
called  C.  G.  8.  units.  In  electrostatics,  electromotive  force  and  difference 
of  potential  are  synonymous,  the  same  unit  being  used  for  both.  The 
unit  difierence  of  potential  exists  between  two  points,  when  to  carry  a  unit 
of  positive  electricity  from  one  to  the  other,  requires  the  expenditure  of 
a  unit  of  work ;  or  in  the  C.  G.  S.  system,  of  an  erg.  Now  a  unit  of 
work,  t.  e.,  an  erg,  is  done  when  a  unit  of  force,  i.  «.,  a  dyne,  overcomes 
resistance  through  an  unit  of  distance,  i.  e.,  a  centimeter.  And  a  unit  of 
force,  t.  e,,  a  dyne,  is  that  force  which  produces  a  unit  of  velocity  in  a  unit 
of  time  ;  i,  e,,  produces  an  increase  of  velocity  of  one  centimeter  in  one 
second.  Since  in  this  latitude,  gravity  produces  a  velocity  of  about  980 
centimeters  per  second,  the  force  of  a  dyne  corresponds  to  the  attractive 
force  which  the  earth  exerts  upon  the  1 -080th  part  of  a  gram.  To  raise 
one  gram  therefore  to  the  height  of  one  centimeter  requires  the  expend!- 
lure  of  980  ergs  of  work.  Obviously  then  if  two  electrified  bodies  at  unit 
distance  attract  or  repel  each  other  with  a  force  equivalent  to  that  which 
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the  earth  exerts  on  a  gram  weight,  there  exists  between  them  a  difierence 
of  potential  of  980  absolute  units.  By  measuring  the  force  between  two 
electrified  bodies  in  grams,  the  difference  of  potential  or  the  electromotiye 
force  between  them  is  easily  calculated  in  absolute  measure.  By  mul- 
tiplying this  value  in  electrostatic  units,  by  thirty  thousand  million,  the- 
electromotive  force  is  obtained  in  absolute  electromagnetic  units. 

The  instrument  used  for  measuring  differences  of  potential  is  called  aa 
electrometer  ;  if  by  direct  measurement,  an  absolute  electrometer.  The  ab- 
solute  electrometer  of  Sir  William  Thomson  is  the  best  thus  far  devised. 
This  instrument  consists  of  two  metal  plates,  one  of  which,  the  smaller, 
is  provided  with  a  guard  ring  so  that  the  electrical  distribution  shall  be 
uniform  ;  these  plates  being  so  arranged  that  the  attraction  between  them 
may  be  very  accurately  measured.  The  force  may  be  measured  at  a  con- 
stant distance  by  varying  the  weight  necessary  to  balance  it ;  or  the  dis- 
tance may  be  varied  until  the  force  balances  a  constant  weight  The  latter 
method  is  preferred  in  the  absolute  electrometer  of  Thomson.  With  this 
instrument,  the  electromotive  force  of  a  Daniell  cell  was  found  to  be 
0.00874  electrostatic  unit,  corresponding  to  112  million  electromagnetic 
units. 

Relative  measurement  ot  electromotive  force,  especially  for  practical 
purposes,  is  much  more  frequent  than  absolute  measurement.  Although 
the  same  units  may  be  used,  yet  in  practice  it  has  been  found  more  con- 
venient to  employ  a  separate  unit  called  the  volt,  the  value  of  which  is 
given  as  one  hundred  million  absolute  electromagnetic  units.  Moreover, 
this  unit  is  represented  not  in  the  abstract  form  alone,  but  also  concrete. 
Borne  distinct  electromotor,  the  difierence  of  potential  between  the  elec- 
trodes of  which  has  been  accurately  measured,  is  taken  as  the  standard. 
For  example,  the  Daniell  cell  above  mentioned  has  an  electromotive  force, 
by  the  definitions  already  given,  of  1.12  volts.  Such  a  battery,  used  for 
measurement,  is  called  a  standard  battery. 

For  determining  an  unknown  electromotive  force,  it  is  only  necessary 
to  determine  the  ratio  between  this  and  the  electromotive  force  of  the 
standard  battery.  Two  general  methods  of  doing  this  are  in  use  ;  the  one 
direct,  the  other  indirect.  In  the  direct  method,  an  electrometer  which 
has  been  calibrated  is  employed  ;  t.  €.,  one  whose  constants  have  been  de- 
termined by  comparison  either  with  the  standard  battery  or  with  an  abso- 
lute instrument.  Such  are  the  portable  and  the  quadrant  electrometers  of 
Thomson.  In  the  latter  instrument  an  8-shaped  needle  of  aluminum 
swings  in  a  cylindrical  metal  box  with  separated  quadrants.  The  alternate 
quadrants  are  electrically  connected  when  the  instrument  is  in  use.  A 
small  charge  being  communicated  to  the  needle — previously  adjusted  so 
that  its  axis  is  parallel  to  the  line  between  adjacent  quadrants — any  electri- 
fication of  the  quadrants  is  made  apparent  by  the  motion  of  the  needle  to 
the  right  or  left.  By  connecting  these  quadrants,  first  with  the  electrodes 
of  the  standard  cell,  and  then  with  the  cell  whose  electromotive  force  is  to- 
be  measured,  the  ratio  of  the  deflections  gives  the  ratio  of  the  electromo- 
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live  forces,  provided  the  angle,  of  rotation  be  small.  A  mirror  attached 
to  the  suspension  of  the  needle  enables  these  deflections  to  be  accurately 
read  with  a  telescope  and  scale.  A  simpler  instrument  suffices  when  the 
zero  method  is  employed.  In  this  case  the  two  electromotors  are  simul- 
taneously connected  to  the  quadrants,  their  electrod&i  being  rerersed.  If 
equal,  the  deflection  will  be  zero.  If  unequal,  it  will  be  equal  to  the  dif- 
ference. By  varying  the  known  electromotive  force  until  the  deflection 
is  zero,  the  two  are  again  equal. 

While,  in  the  direct  method,  the  electromotive  force  is  the  quantity 
which  is  measured,  in  the  indirect  method  some  other  quantity  or 
quantities  are  measured,  and  the  electromotive  force  deduced  by  calcu- 
lation from  the  known  relation  between  the  quantities.  When,  forexample. 
the  current  strength  is  measured  on  the  galvanometer  and  the  resistance  of 
the  circuit  is  known,  the  law  of  Ohm  enables  the  electromotive  force  to  be 
computed.  In  Wiedemann's  method,  the  electromotor  to  be  measured  is 
joined  up  with  the  standard  battery,  in  circuit  with  a  galvanometer,  first 
with  the  electrodes  in  the  same  direction,  then  reversed.  The  electro- 
motive force  required  is  then  the  product  of  the  standard  electromotive 
force  by  the  quotient  of  the  difference  of  the  current  strengths  divided  by 
the  sum.  Another  method  consists  in  putting  the  standard  cell  in  cir- 
cuit with  a  galvanometer,  the  resistances  of  both  being  known.  The 
standard  cell  is  then  replaced  by  the  electromotor  to  be  tested  and  the  re- 
sistance in  circuit  varied  until  the  same  deflection  is  obtained.  The  elec- 
tromotive force  of  the  standard  cell  multiplied  by  the  ratio  of  the  second 
total  resistance  to  the  first  gives  the  electromotive  force  required.  The 
electrometer  methods  have  the  advantage  of  not  using  the  current  of  the 
electromotor  to  be  measured ;  and  hence  any  change  in  its  condition  due 
to  the  current  produced  is  avoided. 

From  what  has  been  said,  it  will  be  evident  that  the  selection  of  the 
standard  cell  is  a  matter  of  prime  importance.  The  advantages  of  the 
Daniell  cell  for  this  purpose  are  too  well  known  to  require  elaborate  state- 
ment here.  As  used  on  closed  telegraphic  circuits  and  the  like,  two  forms 
hare  come  into  general  favor.  One  of  these  is  that  employed  originally 
by  Professor  Daniell.  It  consists  of  a  glass  jar  containing  copper  sulphate, 
fn  which  the  copper  plate  is  immersed,  and  of  a  porous  cup  containing 
the  zinc  plate,  a  more  or  less  dilute  solution  of  zinc  sulphate.  The 
other  form  is  the  modification  first  proposed  by  Yarley  and  afterward 
by  Callaud,  in  which  the  porous  cup  is  done  away  with,  the  differ- 
mg  densities  of  the  two  solutions  being  depended  upon  to  keep  them 
separated.  The  copper  sulphate  solution  is  placed  at  the  bottom  of  the  jar 
in  contact  with  the  copper  plate.  As  the  density  of  this  solution  when 
saturated  is  1.186  at  15^  C.  the  solution  of  zinc  sulphate  ordinarily  rests 
upon  it  and  in  contact  with  the  suspended  zinc  plate.  But  as  the  action 
of  the  battery  goes  on  and  the  zinc  sulphate  accumulates  in  the  solution, 
this  later  finally  becomes  heavier  than  the  copper  sulphate  solution  (the 
density  of  a  saturated  solution  of  zinc  sulphate  being  1.44  at  15^  Ci),  and 
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falls  to  the  bottom  ;  thus  reversing  the  normal  conditions  in  the  battery. 
In  18T1  Sir  Wm.  Thomson  attempted  to  reverse  the  position  of  the  plates 
in  this  gravity  battery  and  place  the  zinc  at  the  bottom  in  contact  with 
the  heavier  solutioa.  But  the  collateral  disadvantages  arising  from 
the  change  more  than  balanced  the  advantages.  He  returned  to  the 
old  form,  therefore,  but  arranged  a  siphon  in  such  a  way  that  the 
zinc  sulphate  solution  should  be  gradually  withdrawn  and  too  great 
concentration  avoided.  In  practice  the  zinc  sulphate  should  never  be 
allowed  to  accumulate  so  as  to  increase  the  density  of  the  solution  above 
1.17.  This  may  be  accomplished  readily  by  pouring  off  the  solution  from 
the  top  of  the  jar  and  replacing  it  by  pure  water.  When  freshly  set  up, 
both  of  the  forms  of  battery  above  described  require  to  be  kept  on 
closed  circuit  for  a  day  or  two.  Their  condition  of  equilibrium  is  then 
reached  and  they  may  be  used  for  the  determination  of  electromotive 
force. 

The  difference  of  potential  between  the  electrodes  of  a  Daniell  cell  has 
been  determined  by  many  experimenters;  by  Regnauld,  by  Poggendorff,  by 
Buflf,  by  Beetz,  by  Petruscliefsky,  by  Clark  and  Sabine,  and  by  Ayrton 
and  Perry,  among  others.  Tliey  find  that  while  it  varies  somewhat  under 
variations  of  condition,  yet  that  on  the  whole,  it  is  remarkably  constant, 
the  maximum  being  l.OSL  and  the  minimum  0.901  volt.  In  all  these  ex- 
periments the  copper  was  immersed  in  a  saturated  solution  of  copper 
sulphate.  The  zinc  was  placed  in  solution  of  sodium  chloride,  in  dilate 
sulphuric  acid  or  in  solution  of  zinc  sulphate,  all  of  varying  strengths  in 
the  different  experiments.  It  is  noticeable  that  in  none  of  these  measure- 
ments made  by  indirect  methods  is  the  electromotive  force  as  high  as  that 
alread}'  mentioneil  as  having  been  obtained  by  Sir  William  Thomson  by 
means  of  his  absolute  electrometer.  Since  the  electromotive  force  of  a 
Daniell  cell  is  the  sum  of  the  ditlerences  of  contact-potential  within  it,  it 
would  seem  that  any  variation  in  the  value  of  this  electromotive  force 
must  bo  due  either  to  a  clmnge  in  the  character  or  concentration  of  the  so- 
lutions, or  to  a  difference  of  temperature.  Moreover  it  has  been  observed 
that  the  electromotive  force  of  the  gravity  form  of  battery  is  always  a  lit- 
tle higher  than  that  of  the  cell  in  which  a  porous  cup  is  used  ;  a  result  due, 
probably,  to  the  different  conditions  under  which  the  diffusion  of  the  two 
liquids  tukes  place,  a  fact  pointed  out  by  J.  W.  Draper  in  1834. 

Using,  therefore,  the  same  form  of  battery,  the  solutions  being  always 
the  same  in  kind  and  in  concentration,  and  the  temperature  being  the 
same,  it  is  fair  to  infer  that  the  Daniell  cell  may  be  made  sufficiently  con- 
stant to  serve  as  a  reliable  standard  of  electromotive  force.  Several 
attempts  have  been  made  to  do  this.  Raoult  in  1864  {Ann.  Chim,  Phy9^, 
IV,  ii,  345),  proposed  a  standard  cell  consisting  of  two  covered  jars  of 
glass,  one  containing  a  copper  plate  in  a  saturated  solution  of  copper  sul- 
phate, the  other  a  zinc  plate  in  a  solution  of  zinc  sulphate  in  an  equal 
weight  of  water.  The  two  were  connected  by  an  inverted  U  tube,  whose 
ends  were  closed  by  porous  plates  of  earthenware  cemented  to  them.  By 
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means  of  a  tubulure  in  the  bend  this  tube  was  filled  with  the  zinc  sul- 
phate solution.  \Vhen  not  in  use,  the  U  tube  is  removed  and  kept  in  a 
separate  vessel.  Kernpe  in  1S80  (/.  8oc,  Teleg.  Eiig.,  June,  1880),  described 
a  standard  Daniell  cell  which  has  been  adopted  in  the  British  Post-Office. 
The  containing  vessel  is  of  porcelain,  having  two  compartments.  In  one 
of  these  is  a  half  saturated  solution  of  zinc  sulphate,  reaching  to  the  lower 
edge  of  the  zinc  plate.  In  the  other  is  a  flat,  porous  cup  containing  the  cop- 
per plate  surrounded  with  crystals  of  copper  sulphate,  and  immersed  in 
copper  sulphate  solution.  To  use  this  battery,  the  porous  cup  is  transferred 
from  one  compartment  to  the  other,  thus  raising  the  zinc  solution  into 
contact  with  th8  zinc  plate.  After  m  vktng  the  measurement,  the  porous 
cup  is  replaced  in  its  own  compartment.  Any  copper  which  may  have 
been  carried  into  the  zinc  solution  is  precipitated  upon  a  fragment  of  zinc 
kept  constantly  in  it. 

Having  had  occasion  for  a  series  of  months,  at  intervals,  to  make  measure- 
ments of  electromotive  force  by  the  method  of  comparison,  I  have  been  led 
to  devise  a  form  of  standard  Daniell  cell  which  appears  to  have  so  important 
advantages  over  others  heretofore  used  as  to  justify  me  in  bringing  it  to  the 
notice  of  the  Society.  The  form  of  apparatus  which  has  been  adopted  is 
represented  in  the  annexed  wood  cut.  It  consists  of  two  bottles  with  lateral 
tubulures  near  the  bottom.  These  are  closed  with  rubber  corks  through 
which  passes  a  stop-cock  of  glass.  The  necks  of  the  bottles  also 
carry  corks  of  rubber,  through  which  pass  the  rods  of  zinc  and  copper. 
The  bottle  containing  the  rod  of  zinc  is  filled  ab:)ut  three-fourths  with  a 
solution  of  zinc  sulphate  saturated  at  15^  C.  That  containing  the  copper 
rod  with  a  saturated  solution  of  copper  sulphate.  When  the  cell  is  to  be 
used  for  measurement,  the  cock  is  opened  and  the  two  liquids  are  thus  put 
in  communication.  At  the  end  of  the  experiment,  it  is  again  closed  and 
all  diffusion  is  prevented.*  For  ordinary  use,  especially  where  a  large 
naniber  of  cells  in  series  is  required,  a  much  cheaper  apparatus  may  be 
coDStructed.  Those  set  up  in  my  own  laboratory  consist  of  a  couple  of 
the  cheap  bottles  now  in  general  use  for  the  nasal  douche  and  for  contain- 
ing dry  plate  developers,  which  have  a  small  lateral  spout  at  the  bottom. 
Over  these  a  rubber  tube  may  be  passed  and  tied,  being  closed  when  re- 
quired by  a  wire  compressor.  In  practice  I  have  found  it  an  advantage  to 
place  a  wisp  of  spun  ghvss  in  the  rubber  tube  to  prevent  adherence  be- 
tween its  sides.  The  zinc  and  the  copper  rods  pass  through  corks  in  the 
mouths  of  the  bottles  as  before. 

The  advantages  which  are  claimed  for  this  new  form  of  cell  are  : 

1st.  Its  constancy.  When  set  up,  all  such  cells  are  identical.  The  zinc 
is  in  contact  with  a  solution  of  zinc  sulphate,  and  the  copper  with  one 
of  copper  sulphate  both  saturated  at  15^  C.  Moreover,  this  iden- 
tity continues.  When  on  closed  circuit,  the  liquids  are  altered  by  dif- 
fusion to  a  scarcely  appreciable  extent,  the  surface  of  contact  being  so 
small.     During  action  copper  sulphate  is  decomposed  on  one  side  and  cop- 

Tbe  cell  here  represented  was  made  for  me  by  J.  W.  Qneen  ft  Co.,  of  this  city. 


per  depiMlted  ;  zinc  is  liisaulvcil  on  llie  otbcr  side  aud  zinr  sulphate  pro- 
duced.    The  nuioiiiit  '>f  ciirrpnl  used  in  a  iiieasureiiii>ni   is  ^mall,  flrslbw- 


csuse  the  Inlenial  rusisiance  of  the  cell  is  liigh.  and  jecoad  hecftiuo  Ibe 
duration  of  the  l«st  is  brter.     But  tlie  minute  ch&nge  ihas  caused  In  ik» 
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solution  is  prevented,  first,  by  keeping  a  crystal  of  copper  sulphate  in  the 
copper  solution,  and  second, by  the  deposition  of  the  excess  of  zinc  sul- 
phate in  crystals.  Since  the  zinc  solution  is  the  heavier,  any  hydrostatic 
transfer  will  be  into  the  copper  solution  where  no  damage  is  done.  When 
the  cell  is  on  open  circuit,  no  diffusion  takes  place,  communication  being 
cut  oft'.  And  since  the  apparatus  is  wholly  closed  to  the  air,  no  change 
in  the  conditions  can  arise  from  evaporation.  Provided  therefore  the 
temperature  be  uniform,  the  electromotive  force  of  the  cell  may  be  ex- 
pected to  be  constant  within  narrow  limits. 

3d.  Its  transportability.  In  the  use  of  the  ordinary  Daniell  cell,  par- 
ticularly of  the  gravity  pattern,  any  change  of  position  disturbs  more  or 
less  the  conditions  of  equilibrium,  and  so  varies  the  electromotive  force. 
After  moving  such  a  cell,  therefore,  or  after  altering  in  any  way  its  normal 
state,  as  by  adding  water  lost  by  evai>oration,  it  is  necessary  to  allow 
twenty-four  hours  or  more  of  rest,  before  the  battery  can  be  trusted  to  give 
pn)per  measurements.  But  in  the  cell  now  preposed,  no  change  can  take 
place  in  its  conditions  by  being  moved  from  place  to  place.  Ilence  for 
local  testing  in  circumstances  where  a  permanent  battery  cannot  be  had, 
its  value  Is  considerable. 

3d.  Its  convenience  and  cheapness.  The  common  form  of  Daniell  bat- 
U»ry  requires  to  be  especially  prepared  for  use.  If  set  up  anew,  twenty- 
four  aours  are  needed  before  it  comes  into  good  working  action.  Even 
the  improved  fonns  of  standard  cell  above  described  are  more  or  less  in- 
convenient, since  they  require  something  to  be  done  to  put  them  in  action. 
But  in  the  form  now  proposed  the  cell  is  always  ready  for  use,  no  matter 
how  long  a  time  may  have  elapsed  since  it  was  used  before.  The  oi)ening 
of  a  stop-cock  puts  it  in  full  operation.  Moreover,  this  cell  is  readily  con- 
structed from  apparatus  and  material  at  hand  in  every  laboratory.  And 
it  douche  bottles  are  used,  the  cost  is  not  over  a  dollar. 

Itisevid(^nt  that  the  form  of  apparatus  now  described  has  a  much  wider 
range  than  has  yet  been  claimed.  By  its  means  not  only  may  the  effect  of 
using  various  solutions  in  contact  with  either  plate  of  a  Daniell  cell  be  ac- 
curately studied,  free  from  many  of  the  disturbing  causing  hitherto  en- 
countered, but  by  the  use  of  various  metals  also,  the  innumerable  ques- 
tions of  importance,  concerning  not  only  primary  but  also  secondary  bat- 
teries, may  be  conveniently  investigated.  One  of  these  for  example,  is  the 
question  whether  the  zinc  of  a  Daniell  cell  should  be  amalgamated.  The  im- 
pression is  very  generally  in  favor  of  amalgamation,  since  in  a  zinc  sulphate 
solution  amalgamated  zinc  is  said  not  to  become  polarized ;  and  since  the 
electromotive  force  is  one  or  two  per  cent,  higher.  But  experiments  have 
Idtown*  that  while  amalgamated  zinc  should  be  used  when  the  solution  is 
aefd*  yet  that  when  it  is  neutral,  local  action  is  greater  with  amalgamated 
tluui  with  unamalgamated  zinc. 

Experiments  now  in  progress  with  this  new  form  of  cell,  it  is  hoped, 
irill  enable  some  of  these  doubtful  points  to  be  satisfactorily  settled. 

PHILADBLPHIA,  January  18,  1888. 
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{itii'ut(  jiTcjiitred  by  Oio.  F.  Barker,  Stentary  American  nUrtapAkm 
S'lfietj/. /or  Proe*edi/ig»,  Vfcember  1,  ISS!.) 
Itcnr}'  Dmi>cr  wa«  born  on  tlic  7th  of  March,  183T.  in  Priace  Eilwarf 
county,  Va.,  Iiis  fillicr  lieing  at  the  lime  Professor  of  Cheoilwry  und  Nu- 
ural  Philosupby  in  Utttnpdcn  Sidney  College.  When  but  two  years  idiL 
his  falUer  waa  called  to  the  chair  of  ChemUiry  in  llie  Univoraity  of  Uib  Cil; 
o[  New  York,  nud  reoiovctl  to  that  city  in  1830.  Henry  wus  oiiter«d  u  ■ 
regular  scholnr,  fltsC  in  tile  primary,  and  Biibsequently  In  tlic  prcpsraioiy 
schools  connected  with  the  t'nivcrsity.  and  at  Ihc  age  of  flllei^o.  ^nutrid 
the  uollcgiale  department  aa  nn  undcrgrudunte.  Upon  Iho  conipletiiw  of 
his  Hophoniore  year,  however,  he  abandoned  the  chissicnl  cuuree  uid  *a- 
tered  llic  medical  department,  from  nhicl)  lio  graduaieil  with  distiactiaB 
in  1858.  The  foilowlng  3-ear  lie  spent  in  Europe.  White  abroad  Im  na 
elected  on  the  medicul  stttS'  of  Bcllevue  Hospital :  and  on  lits  return  b« 
awumcd  the  position  and  discharged  lis  duties  fur  cigliluen  luonthi-  ta 
1860,  ut  llie  Bge  of  33,  lie  was  elected  ProfesaororPliysiolngy  intheClMsiciI 
department  of  the  University,  and.  In  1880,  to  iLc  same  cliair  in  the  Mfdi- 
cal  department ;  being  soon  arter  appointed  Dean.  In  1B73.  he  severtd 
his  connection  with  the  medical  department  ;  and  in  1883,  U|M)u  the  dalk 
of  his  father,  he  wue  elected  PrafosBor  at  Chemistry  io  Uie  CtoccJcal  dfr-  ' 
partmenl ;  a  position  which  lie  held  iinld  the  close  of  llie  currenl  aca- 
demic  year. 

Reared  in  direct  contact  wilh  Eciciicc  nnd  scienlitic  ihoiight.  as  Vt. 
Draper  was,  it  is  not  surprising  that  ut  an  early  age  lie  developed  a  decided 
preference  for  scicnliGc  pursuils.  His  lather  was  a  man  not  only  of  lli« 
widest  scientific  knowledge,  but  he  wasalsoof  e.vceplional  ability  as  an  in- 
vestigntor.  To  live  in  contact  with  this  geoial  and  learned  man.  wuof 
itself  a  scientific  education  of  the  highest  type.  Henry  was  early  taken 
Into  his  confidence  in  scienlitic  matters,  and  was  called  U[x>n  to  assist  bit 
father  not  only  in  his  lectures,  but  also  in  his  invesllgatton.i.  The  sciea- 
lific  spirit  which  presses  forward  unflaggingly  in  the  pursuit  of  truth  and 
which  wrcsia  from  Nature  (he  profotindcst  secrets  by  imticnt  and  longcoo- 
liuued  applicaliOLi,  had  long  been  charncierislic  of  the  elder  Draper ;  it 
was  nun-  fully  dcvelogied  in  his  son.  Willie  yet  a  medical  student,  he  dq- 
derlook  a  most  difficult  research  ujwn  the  functions  of  the  spleen  ;  and, 
conscious  of  the  Inacctyvcics  incident  (o  drawings,  he  iHuslraled  this  le 
sean^h — afterward  published  as  his  graduating  thesis — with  micropbo- 
tographs  of  rare  perfection  for  those  early  days,  all  taken  by  him- 
self. While  engaged  with  the  mleroscoi>e  in  making  these  pbolograpb^  be 
discovered  that  palladious  cblorldu  had  n  remarkable  power  in  darkening 
or  fnlcnsifytng  negatives  ;  an  observation  subaequenlly  of  much  valoe  ia 
photography. 

During  his  sojourn  in  Europe,  he  had  visited  the  great  reflecting  lek- 
scopc  of  Lord  Rossc  at  Parsonslown,  Ireland.    The  sight  of  this  iastniDKnt 
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inspired  him  with  a  desire  to  construct  one  like  it,  though  on  a  smaller, 
scale,  and  turned  his  attention  toward  astronomy  and  astronomical  photo- 
graphy. Soon  after  his  return  he  began  the  construction  of  a  metal  specu- 
lum, fifteen  inches  in  diameter,  completing  it  in  1860.  Subsequently  he  ac- 
cepted a  suggestion  contained  in  a  letter  written  to  his  father  by  Sir  John 
Herschel,  and  abandoned  speculum  metal  for  silvered  glass.  In  the  year 
1861,  he  made  several  mirrors  of  silvered  glass,  15^  inches  in  diameter. 
The  best  of  these  was  mounted  as  a  Newtonian  telescope,  in  a  small  wooden 
observatory  erected  at  Hastings-on-Hudson,  his  father's  country  seat.  The 
details  of  grinding,  polishing,  silvering,  testing  and  mounting  this  reflec- 
tor, all  of  which  he  did  with  his  own  hands,  wore  published  as  a  mono- 
graph by  the  Smithsonian  Institution.  This  publication  has  had  a  de- 
served popularity,  and  has  become  the  standard  authority  on  the  subject. 
Much  experimental  work  was  done  with  this  telescope  ;  that  which  is  best 
known,  being  his  photograph  of  the  moon.  More  than  1500  original 
negatives  were  taken  with  this  instrument.  They  were  one  and  a  quarter 
inches  in  diameter,  but  such  was  the  perfection  of  their  detail  that  they 
bore  enlargement  to  three  feet,  and  in  one  case  to  fifty  inches  without  in- 
jury. The  success  ot  this  mirror  stimulated  him  to  undertake  a  still 
larger  one,  and,  in  1870,  he  finished  a  silvered  glass  mirror,  twenty-eight 
inches  in  diameter.  A  new  dome  was  built  for  it  by  the  side  of  the  old 
one,  the  mounting  being  equatorial,  and  the  telescope  Casscgrainian ; 
though  subsequently  a  plane  secondary  mirror  was  substituted  for  the  con- 
vex one.  A  refracting  telescope  of  five  inches  aperture  was  attached  to  the 
tube  of  the  reflector,  as  a  flnder.  With  this  larger  instrument,  work  was 
at  once  begun  upon  photographic  spectra  ;  and,  in  1872,  a  beautiful  photo- 
graph was  obtained  of  the  spectrum  of  a  Lyrse  (Vega),  which  showed 
the  dark  lines  ;  a  step  far  in  advance  ot  anything  which  had  been  accom- 
plished in  this  direction  up  to  that  time.  Desiring  to  make  simultaneous 
eye-observations,  Dr.  Draper,  in  1875,  placed  upon  the  same  axis,  a  re- 
fracting telescope  of  twelve  inches  aperture,  made  by  Alvan  Clark  & 
Sons.  In  1880,  this  was  exchanged  for  another  refractor  by  the  same  mak- 
ers, of  eleven  and  a  half  inches  aperture,  but  furnished  with  an  additional 
lens  to  serve  as  a  photographic  corrector.  The  work  of  stellar  spectrum 
photography  went  steadily  on,  the  new  refractor  now  doing  the  principal 
work.  More  than  a  hundred  such  photographs  were  made,  most  of  these 
having  upon  the  same  plate  a  photograph  of  the  spectrum  of  Jupiter, 
Venus,  or  the  moon.  These  latter,  giving'  the  solar  lines  by  reflection, 
enabled  the  stellar  lines  to  be  identified  by  direct  comparison. 

Reflecting  on  the  extreme  sensitiveness  of  the  dry -plate  process  in  pho- 
tography, he  was  led  to  experiment  on  the  reproduction  of  nebulso  by  its 
means ;  and  on  the  80th  of  September,  1880,  he  succeeded  by  an  exposure 
of  fifty-seven  minutes  in  obtaining  a  photograph  of  the  nebula  In  Orion.  Sat- 
isfied now  that  the  idea  was  an  entirely  feasible  one,  he  devoted  himself  on* 
interruptedly  to  securing  the  greatest  possible  p^rfectioii'iii  the'^rfWfa 
clock  and  to  improving  the  details  of  manipnlation.    Ift  •M*'" 
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second  and  much  superior  photograph  of  this  nebula  was  secured  after  an 
exposure  of  104  minutes.     And  finally,  a  year  later,  on  the  14th  of  March, 
1882,  he  succeeded  in  making  a  successful  exposure  of  137  minutes,  and 
in  producing  a  most  superb  photograph,  which  showed  stars  of  the  18.7 
magnitude,  invisible  to  the  eye,  and  in  which  the  faint  outlying  regions  of 
the  nebula  itself  were  clearly  and  beautifully  shown.    This  unrivaled 
photograph,  by  far  the  most  brilliant  success  yet  achieved  by  celestial  ^ 
photography,  will  ever  have  a  very  high  astronomical  value,  since  by 
a  comparison  with    it    of  photographs  of  \h\a    nebula,    taken    many 
years  subsequently,  changes  which  are  going  on  in  it  may  be  traced 
and  their  history  written.     Ordinarily  the  photograph  of  a  spectrum 
is  more  difficult  than  one  of  the  object  itself.    But  in  this  case  it  is 
not  so.     The  spectrum  being  of  bright  lines,  the  light  is  localized  and 
readily  impresses  the  plate.    Moreover,  any  error  in  the  rate  of  the  clock 
or  any  tremors  of  the  instrument,  which  are  fatal  to  the  nebula,  count  for 
little  in  photographing  its  spectrum ;  since  the  image  is  thereby  simply 
shifted  off  the  slit  and  no  injury  results  to  the  definition.     Many  excellent 
photographs  of  the  spectrum  of  the  nebula  in  Orion  were  obtained  by  Dr. 
Draper,  however,  the  chief  interest  in  which  consists  in  the  fact  that  be 
side  the  characteristic  bright  lines,  there  are  traces  of  continuous^Bpectram 
in  various  parts  of  the  nebula,  suggesting  the  beginning  of  condensation. 
Beside  the  work  done  at  his  observatory  at  Hastings,  which  may  be 
called  astronomical  work  proper,  Dr.  Draper  occupied  himself  with  col- 
lateral questions  of  not  less  importance,  in  the  admirably  equipped  physi 
cal  laboratory  he  had  built  in  connection  with  his  residence  in  New  York 
City.    It  was  here,  in  1873,  that  he  made  the  exquisite,  and  to  this  dayun- 
equaled  photograph  of  the  difTraction  spectrum.     The  region  from  wave- 
length 4350,  below  G,  to  wave-length  3440  near  O,  was  contained  upon  a 
single  plate.     The  Roman  astronomer  Secchi  reproduced  this  photograph 
as  a  steel  plate  for  his  great  work  on  the  Sun,  and  the  British  Association, 
in  1880,  endorsed  it  as  the  best  known  standard  spectrum  by  publishini^  a 
lithograph  of  it  in  their  Proceedings.     The  grating  used  to  produce  this 
photograph  was  one  of  Mr.  Rutherfurd's  superb    plates,  ruled  with  6481 
lines  to  the  inch.     It  was  in  his  New  York  laboratory,  too,  that  he  made 
the  most  important  discovery  of  his  life,  perhaps  ;  that  of  the  existence  of 
oxygen  in  the  sun.     After  months  of  laborious  and  costly  experiment,  he 
succeeded,  in  1876,  in  photographing  the  solar  spectrum  and  the  spectrum 
of  an  incandescent  gas  upon  the  same  plate,  with  their  edges  in  complete 
contact ;  thus  enabling  the  coincidence  or  non-coincidence  of  the  lines  in  the 
two  spectra  to  be  established  beyond  a  doubt.     On  examining  the  spectrum 
of  oxygen  thus  photographed,  he  saw  that  while  the  lines  of  the  iron  and 
the  aluminum  used  as  electrodes,  coincided,  as  they  should  do,  with  their 
proper  dark  lines  in  the  sun's  spectrum,  the  lines  of  oxygen  agreed  with 
bright  solar  lines.     Whence  the  important  conclusion  announced  by  him, 
Ist,  that  oxygen  actual I3' existed  in  the  sun,  now  for  the  first  time  proved  ; 
and,  2d,  that  this  gas   exists  there  under  conditions  either  of  tempera- 
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ture  or  pressure,  or  both,  which  enable  it  to  radiate  more  light  than  the 
contiguous  portions  of  the  solar  mass.  This  view  of  the  case  however, 
required  radical  modification  in  the  then  accepted  view  of  the  constitution 
of  the  sun  ;  a  modification  which  he  pointed  out  and  advocated.  So  ex- 
ceptional were  these  results,  and  especially  the  conclusions  from  them, 
that  it  was  hardly  to  be  expected  that  they  should  be  at  once  accepted. 
Dr.  Draper,  however,  in  this,  as  in  all  his  work,  was  his  own  severest 
critic  Increasing  constantly  his  appliances  and  perfecting  his  methods  he 
produced,  in  1879,  another  photograph  on  a  much  larger  scale,  which 
Showed  the  coincidences  which  he  claimed,  especially  of  groups  of  lincF, 
9o  unmistakably  as  to  leave  no  question  of  the  fact  in  a  mind  free  from 
bias.  To  strengthen  still  more  the  evidence  on  the  subject,  he  had 
planned  for  execution  the  present  winter,  a  research  upon  the  spectra  of 
other  non-metallic  gases,  in  the  hope  that  some  of  these,  too.  would  be 
found  represented  as  bright  lines  in  the  sun  spectrum. 

In  1878,  he  was  the  director  of  a  party  organized  by  himself  to  observe  the 
total  eclipse  of  the  sun  of  the  29th  of  July.  His  familiarity  with  the  lo- 
cality led  him  to  select  Rawlins,  Wyoming,  an  important  station  on  the 
Union  Pacific  Railway,  as  the  objective  point.  The  result  justified  his 
selectionf  The  expedition  was  entirely  successful,  and  the  observations 
which  were  made  were  of  great  value.  By  means  of  his  splendid  appa- 
ratus. Dr.  Draper  himself  obtained  an  excellent  photograph  of  the  corona 
and  also  a  photograph  of  its  diflfraction  spectrum  which  was  apparently 
continuous.  In  1880,  he  obtained  a  number  of  spectra  of  Jupiter  in  con- 
nection with  stellar  work.  On  examining  one  of  these  spectra,  the  pho- 
tograph appeared  to  him  to  show  that  the  planet  really  furnished  a  cer- 
tain amount  of  intrinsic  light.  The  exposure  on  Jupiter  was  fifty  minutes, 
the  spectrum  of  the  moon  being  taken  in  ten.  The  original  negative  was 
sent  over  to  his  friend,  Mr.  A.  C.  Ranyard,  who  presented  it  to  the  Royal 
Astronomical  Society.  In  June,  1881,  he  took  several  excellent  photo- 
graphs of  the  comet,  and  also  of  its  spectrum.  With  a  slit  and  two  prisms 
he  obtained  three  photographs  of  the  spectrum,  with  exposures  of  180, 
196,  and  228  minutes,  respectively.  On  each  plate,  a  comparison  spectrum 
was  also  photographed. 

Upon  the  organization  of  the  United  States  Commission  to  observe  the 
Transit  ot  Venus  in  1874,  Dr.  Draper's  great  attainments  in  celestial  pho- 
tography pointed  him  out  at  once  as  the  man  best  suited  to  organize  the 
photographic  section,  and  he  was  accordingly  appointed  Director  of  the 
Photographic  Department.  He  went  at  once  to  Washinscton,  entered 
heartily  into  the  work,  and  during  three  entire  months  devoted  himself 
to  the  labor  of  organizing,  experimenting  and  instructing  ;  declining  sub- 
sequently all  compensation  for  the  time  thus  spent.  Although  his  duties 
at  home  prevented  him  from  joining  any  of  the  expeditions,  yet  so  instru- 
mental had  he  been  in  making  the  transit  observations  a  success,  that 
upon  the  recommendation  of  the  Commission,  Congress  ordered  a  gold 
medal  to  be  struck  in  his  honor  at  the  Philadelphia  Mint.    This  medal 
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is  46  millimeters  in  diameter.  It  has  the  representation  of  a  siderostat  in 
relief  upon  tlie  obverse,  with  the  motto:  <*Famam  eztendere  factis, 
hoc  virtutis  opus."  On  the  reverse  is  inscribed  the  words:  "Veneris 
in  sole  spectand®  curatores  R.  P.  F.  S.  Henrico  Draper,  M.  D.,  Dec 
VIII,  MDUCCLXXIV;"  with  the  motto  :  '*Decori  decus  addit  avito." 

Professor  Draper  was  appointed,  in  1861,  Surgeon  of  the  Twelfth  Regi- 
ment of  New  York  Volunteers ;  a  position  which  he  accepted  and  in 
which  he  served  with  credit.  In  1876,  he  was  made  one  of  the  Judges  in 
the  Photographic  Section  of  the  Centennial  Exhibition.  In  1875,'  he  was 
elected  a  member  of  the  Astronomische  Gesellschaft.  In  1877,  he  re- 
ceived an  election  to  the  National  Academy  of  Sciences  ;  and  in  the  same 
year  he  was  made  a  member  of  the  American  Philosophical  Society.  In 
1879,  ho  was  elected  a  Fellow  of  the  American  Association  for  the  Ad- 
vancement of  Science.  In  1881,  the  American  Academy  of  Arts  and  Sci- 
ences worthily  enrolled  him  among  its  members.  In  1882,  the  University 
of  Wisconsin  and  the  University  of  New  York  conferred  on  him,  almost 
simultaneously,  the  degree  of  LL.D. 

For  several  years  it  had  been  Dr.  Draper's  custom  to  join  his  friends, 
Generals  Marcy  and  Whipple,  of  the  Army,  in  the  early  fall,  for  a  few 
weeks'  hunting  in  the  Rocky  mountains.  In  1882,  the  party  left  New 
York  on  the  3 1st  of  August,  went  by  rail  to  Rock  creek,  on  the  Union  Pa- 
cific Railway,  and  from  there  went  north  in  the  saddle  ;  reaching  Fort  Cus- 
ter, on  the  Northern  Pacific  Railway,  near  the  middle  of  October.  Dur- 
ing tlic  two  months  of  their  absence  the  party  rode  fifteen  hundred  miles  on 
horseback,  as  Dr.  Draper  estimated.  When  above  timber  line  early  in 
October,  tliey  encountered  a  blinding  snow  storm  with  intense  cold  and 
were  obliged  to  camp  without  shelter.  Dr.  Draper  reached  New  York  on 
the  25th  of  October.  Ordinarily,  he  returned  refreshed  and  invigorated 
with  the  splendid  exercise  of  the  trip  ;  but  this  year  the  distance  traveled 
seemed  to  have  been  too  great,  and  this,  together  with  the  hardships  en- 
countered, seemed  to  have  wearied  him.  Pressure  of  delayed  business 
awaited  him  and  occupied  his  time  at  once.  Moreover,  the  National  Acad- 
emy was  to  meet  in  New  York  in  November  ;  and  he  was  to  entertain 
them  as  he  had  always  done.  This  year  the  entertainment  was  to  take  the 
form  of  a  dinner.  In  order  to  offer  them  scientific  novelty,  he  determined 
to  light  the  table  with  the  Edison  incandescent  light,  the  current  being 
furnished  from  the  machine  in  his  laboratory.  But  the  source  of  power  being 
a  gas  engine,  and  therefore  intermittent,  a  disagreeable  pulsation  was  ob- 
servable in  the  light.  To  obviate  this  he  contrived  an  ingenious  attach- 
ment to  tlie  engine  whereby  at  the  instant  at  which  the  speed  was  accel- 
erated by  the  explosion  of  the  gas  in  the  cylinder,  a  lateral  or  shunt  circuit 
should  be  automatically  thrown  in,  the  resistance  of  which  could  be  va- 
ried at  pleasure.  With  his  admirable  mechanical  skill  he  extemporized  the 
device  from  materials  at  hand  and  found  it  to  work  perfectly.  The  dinner 
was  given  on  the  evening  of  November  15th,  and  was  one  of  the  most 
brilliant  ever  given  in  New  York  ;  about  forty  academicians,  together 
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with  a  few  personal  friends  as  invited  guests,  sitting  at  table.  But  Dr. 
Draper's  overwork  now  told  upon  him  ;  slightly  indisposed  as  he  had  been 
before,  he  was  unable  to  partake  of  food,  and  a  premonitory  chill  seized 
him  while  at  the  table.  As  soon  as  the  dinner  was  over,  he  took  a  hot 
bath,  thinking  thus  to  throw  it  off.  But  while  in  the  bath  a  second  and 
severer  chill  of  a  decidedly  congestive  type  attacked  him,  and  it  was  only 
with  the  greatest  difficulty  that  he  could  be  carried  to  his  bed.  His  warm 
firiend  and  former  colleague.  Dr.  Metcalfe,  was  at  once  summoned  and 
pronounced  the  attack  double  pleiiritis.  The  best  of  treatment  and  the 
most  careful  nursing  seemed  for  two  or  three  days  to  be  producing  an 
effect  for  the  better.  But  on  the  Sunday  following,  heart  complication 
developed  and  he  died  about  4  o'clock  in  the  morning  of  Monday,  the 
20th  of  November. 

Viewed  from  whatsoever  standpoint,  the  life  of  Henry  Draper  appears 
AS  successful  as  it  was  earnest,  honest  and  pure.  His  devotion  to  science 
was  supreme  ;  to  him  no  labor  was  too  severe,  no  sacrifice  too  great,  if  by 
it  he  could  approach  nearer  the  exact  truth.  The  researches  he  had 
already  made,  and  much  more  those  he  had  projected,  involved  the  largest 
expenditure  of  his  time  and  means.  But  such  was  his  delight  in  his  sci- 
entific work,  and  his  enthusiasm  in  carrying  it  on,  that  he  was  never 
happier  than  when  hardest  at  work  in  his  laboratory,  never  more  cheerful 
than  when  most  zealously  laboring  with  his  superb  telescopes.  Moreover, 
he  was  as  eminent  as  a  teacher  of  science  as  he  was  as  an  investigator. 
His  lectures  were  simple,  clear  and  forcible.  They  held  the  interest  of 
the  class  and  awakened  their  enthusiasm  while  they  enriched  the  stu- 
dent's store  of  knowledge  and  strengthened  his  powers  ot  observation  and 
of  reason.  In  the  laboratory  he  was  keen,  thorough  and  impartial,  while 
at  the  same  time  considerate  and  helpful ;  ever  striving  to  encourage  hon- 
est endeavor  and  to  assist  the  earnest  worker. 

Still  another  ^sphere  of  labor,  however,  made  demands  upon  his  time. 
In  1867,  he  married  Mary  Anna,  the  accomplished  daughter  of  Courtlandt 
Palmer,  of  New  York.  Upon  Mr.  Palmer's  death,  in  1874,  Dr.  Draper 
became  the  managing  trustee  ot  an  immense  estate  and,  with  his  charac- 
teristic energy  and  efficiency,  entered  at  once  upon  the  task  of  reducing  it 
to  a  basis  of  maximum  production  with  the  minimum  amount  of  attention. 
The  responsibility  which  thus  rested  upon  him,  the  harassing  demands  of 
tenants,  the  endless  details  of  leases,  contracts  and  deeds,  and  the  no  less 
annoying  complications  of  necessary  law  suits,  worried  him  incessantly. 
And  had  it  not  been  for  his  unsurpassed  business  capacity,  he  might  have 
failed.  But  he  was  equal  to  the  demand  upon  him,  and  within  a  few 
years,  order  had  come  out  of  confusion,  and  a  few  hours  at  his  office  daily 
enabled  all  to  flow  along  smoothly. 

To  indicate  the  esteem  in  which  Dr.  Draper  was  held  by  his  confreres 
in  science,  the  following  passages  maybe  quoted  from  an  excellent  biogra- 
phical notice  of  him  written  by  Professor  Young,  of  Princeton  :  "  In  per- 
son he  was  of  medium  height,  compactly  ])uilt,  with  a  pleasing  address. 
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and  a  keen  black  eye  which  missed  nothing  within  its  range.  He  was 
affectionate,  noble,  Just  and  generous  ;  a  thorough  gentleman,  with  a  quick 
and  burning  contempt  for  all  shams  and  meanness  ;  a  friend  most  kind, 
sympathetic,  helpful,  and  brotherly  ;  genial,  wise  and  witty  in  conversa- 
tion ;  clear-headed,  prudent  and  active  in  business  ;  a  man  of  the  highest 
and  most  refined  intellectual  tastes  and  qualities  ;  a  lover  of  art  and  music, 
and  also  of  manly  sports,  especially  the  hunt ;  of  such  manual  skill  that 
no  mechanic  in  the  city  could  do  finer  work  than  he ;  in  the  pursuit  of 
science,  able,  indefatigable,  indomitable,  sparing  neither  time,  labor  nor 
expense.*' 

**  Excepting  his  early  death,  Dr.  Draper  was  a  man  fortunate  in  all 
things  ;  in  his  vigorous  physique,  his  delicate  senses,  and  skillful  hand ; 
in  his  birth  and  education  ;  in  his  friendships  ;  and  especially  in  his  mar- 
riage, which  brought  to  him  not  only  wealth  and  all  the  happiness  which 
naturally  comes  with  a  lovely,  true-hearted  and  faithful  wife,  but  also  a 
most  unusual  companionship  and  intellectual  sympathy  in  all  his  favorite 
pursuits.  He  was  fortunate  in  the  great  resources  which  lay  at  his  dis- 
posal, and  in  the  wisdom  to  manage  and  use  them  well ;  in  the  subjects  he 
chose  for  his  researches  and  in  the  complete  success  he  invariably 
attained." 

Such  a  man  as  this  it  is  whose  name  we  are  sorrowfully  called  upon  to 
strike  from  the  roll  of  our  living  membership.  Professor  Draper  was 
a  man  among  men,  a  scientist  of  the  highest  type.  Stricken  down  in  the 
midst  of  his  life-work,  at  the  early  age  of  45,  the  bright  promise  of  his 
noble  life  is  left  unfulfilled.  What  brilliant  researches  in  his  favorite  science 
he  would  have  made,  we  can  never  know.  But  with  a  mind  so  richly  en- 
dowed and  so  thoroughly  trained,  with  an  experimental  ability  as  earnest 
as  it  was  persistent,  with  facilities  for  investigation  which  were  as  perfect 
as  they  are  rare,  with  abundance  of  time  and  means  at  his  disposal,  and 
above  all,  with  a  devoted  wife,  who  keenly  appreciated  the  value  of  his 
scientific  work,  was  ever  at  his  side  as  his  trusty  assistant  and  always 
shared  in  the  glory  and  the  honor  of  his  discoveries,  we  may  be  sure  that, 
had  he  been  permitted  to  reach  the  age  of  his  honored  father,  results 
would  have  been  reaped  by  his  labors  which  would  have  added  still 
brighter  lustre  to  the  science  of  Aaierica. 


Map  of  the  Terminal  Moraine. 

On  page  470  it  is  recorded  in  the  minut<*s  of  the  meeting,  October  6, 
1882,  that  Prof.  Henry  Carvill  Lewis  read  a  paper  on  the  course  of  the 
great  Terminal  Moraine  through  Pennsylvania,  studied  by  him  as  volun- 
teer Assistant  of  the  Second  Geological  Survey  of  Pennsylvania,  and  de- 
scribed in  his  unpublished  Report  of  Progress,  Z,  illustrated  by  photograph 
pictures  taken  by  Mr.  E.  B.  Harden,  Topographical  Assistant  to  the 
Survey.  , 
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Mr.  Lewis  described  the  hummocks  west  of  Bangor  in  Northampton 
county ;  the  striated  boulders  ;  the  clay  plain  ;  S.  W.  pointing  striffi  near 
Bangor ;  the  moraine  ascending  and  descending  the  slopes  of  the  Eitta- 
tinny  mountain,  west  of  the  Delaware  Water  gap  ;  boulders,  30  feet  long, 
of  fossil iferous  Lower  Helderberg  limestone,  from  the  outcrop  in  the 
valley  in  Monroe  county,  now  perched  on  the  crest  of  the  mountain,  14O0 
feet  above  tide  ;  boulders  of  well  rounded  Adirondack  syenite  from  North- 
ern New  York  ;  the  moraine  ascending  to  the  summit  and  stretching  west- 
ward across  the  Pocono  plateau,  ^00'  A.  T.  where  it  forms  Long  ridge, 
twelve  miles  long,  a  mile  wide  and  100  feet  high ;  damming  Long  pond ;  de- 
scending to  the  bed  of  the  Lehigh  river,  and  crossing  the  Hazleton  coal 
field  mountains,  Cunnyngham  valley  and  Nescopec  mountain  and  the 
Susquehanna  river  above  Berwick  ;  its  curious  ascent  and  descent  of  the 
Shickshinny  mountain,  with  a  perched  boulder  on  the  crest ;  the  ascent  of 
the  Alleghany  or  Great  North  mountain ;  the  course  of  the  moraine 
through  Lycoming  and  Potter  counties  into  the  State  of  New  York ;  its 
return,  and  its  south-west  course  through  Warren,  Butler  and  Beaver 
counties  to  the  Ohio  State  line. 

The  accompanying  map  was  prepared  to  show  the  course  of  the  moraine 
with  regard  to  the  topography. 


NoU  on  a  large  FisJi-pUitefrom  tfu  Upper  Gfiemung  (?)  beds  of  Noriher^n  Penn- 
sylvania.    By  E.  W.  Claypole. 

{Read  before  the  American  Philosophical  Society,  April  6,  18S5.) 

During  a  visit  paid  in  the  northern  counties  of  this  State  in  October  last, 
I  met  a  gentleman  residing  in  Susquehanna  county,  Mr.  A.  Carter,  who 
told  me  that  some  time  previously  he  had  ploughed  up  in  one  of  his 
fields  a  large  stone  containing  very  peculiar  markings  upon  its  surface. 
Being  unable  to  recognize  it  from  his  description,  I  requested  him  to  send  it 
down  to  me  for  examination  on  his  return  home.  This  he  did.  and  a 
single  glance  showed  an  impression  of  a  very  large  fish-plate  in  excellent 
preservation.  Except  one  or  two  marks  which  had  been  made  by  the 
point  of  the  ploughshare  the  cast  was  perfect. 

It  was,  however,  unlike  anything  which  I  had  previously  seen,  and  no 
material  within  my  reach  gave  me  the  means  of  identifying  it.  It  was  ap- 
parently a  nondescript.  I  accordingly  forwarded  a  rough  outline  and 
description  to  Prof.  Cope,  who  told  me  in  reply  that  he  could  not  at  the 
moment  of  writing,  recall  anything  resembling  it. 

I  next  sent  a  similar  communication  to  Dr.  Newberry,  with  the  request 
that  he  would  inform  me  if  in  his  collection  there  was  any  similar  speci- 


66S 


[Clkypole. 


en.  In  roplf  ho  told  me  thai  lie  ilioiight  he  liiid  frogmenls  that  might 
iloQg  to  the  same  species,  but  Ihej  nero  not  iittilcicnilj  perlcct  for  de- 
iriplino.  Feeling  anxii>ii9  to  liHve  Dr.  Newberry's  decisive  opinion  I 
sit  forwarded  lo  hira  a  photograph  of  Urn  plate,  asking  if  llint  would 
table  bim  to  express  an  opinion  whether  (be  speciraen  heliingcil  lo  a  dc- 
Krlbedor  an  andeserilicd  species  offish.  In  reply  he  informs  me  iliat  ibe 
Ball  in  question  is  undeBcrlhed,  but  that  he  has  some  fragments  of  what  he 
Ibliilcs  Is  the  snme  Bpeciep,  loo  imperfect  for  deaeriplion. 

Knowing  Ihiit  Prol,  Whileaves.  PatieonlologiBt  to  llu^  Cnnadinn  Surrey 
lud  been  wnrking  recently  among  eome  new  Upper  Devoninn  fishes,  I 
KDt  Uim  a  photograph,  reqiicsllag  his  opinion  upton  it.  He  liiis  replied. 
Mying,  that  there  is  no  similar  Bpecimen  among  all  those  which  he  has 
nea  from  Scaumenac  hay,  and  that  he  believes  Itis  undcscrilied. 
Description. 
The  specimen  in  question  so  far  as  the  means  at  my  command  ennlilc 
to  dfllermine  belongs  to  some  species  of  the  genus  PierichLlij-s.  or  to 
e  kindred  genus,  and  is  apparently  the  veniro-mcdian  phiie.  It  is  pent- 
tngular  In  outline  hut  inequilutcml,  nearly  symmetrical  hut  nol  pcrleci  ly  so. 
Rie  front  (f)  is  formed  by  one  of  the  angles  of  ilie  pentagon  and  itio  two 
Iddes  enclosing  this  angle  (of  atnut  SQ^)  are  slightly  concave  outwardly. 
Odc  of  these  sides — llie  right  on  the  cast — Is  four  and  ttio  other  three  and 
a  quarter  laches  long.  The  former  meets  the  third  side  of  the  peulagon  at 
U  angle  of  aboul  121A  This  side  is  six  and  a  quarter  inchi's  long.  The 
iMter  meets  at  an  angle  of  about  130'^  Ihe  fourth  side  of  the  figure  which 
neasures  six  and  a  h.df  inches  in  length.  The  pentagon  Is  closed  at  the 
e  {hack}  by  a  short  aide  of  one  and  Ihrce-iiuartcra  of  an  inch  long  and 
rtry  concave  outwardly.  The  base  Is.  In  conseguence  of  the  inequality  of 
~.e  sides,  slightly  ohllque. 

The  surface  ofthe  plate  is  marked  with  an  ornamentation  which  I  can. 
lot  Bnd  mentioned  in  the  accounts  of  any  otherspecies.  Instead  ofsliow- 
g  the  tubercular  or  puslulose  appearance  of  Pterichlhya,  its  character 
on  resembles  (if  we  compare  the  great  with  the  small)  n  magnifiuil  scale 
I  Holoptychius,  It  is  completely  corered  with  close  set  imcrruptod 
rrlnklea,  slightly  wary,  anastomosing  and  again  separating  without  any 
^ipoamnce  of  regularity.  These  wrinkles  meet  the  outside  line  almost  at 
Igllt  angles  and  radiate  Inward  la  the  following  manner:  If  from  the 
Diddle  point  of  the  axis  of  the  plate  straight  linos  he  drawn  lo  the  upper 
(front)  and  two  lower  (b.ick)  angles,  and  lines,  upwardly  convex,  to  the 
d  angles,  the  wrinkles  in  question  start  from  these  lines  so  as  to  meet 
e  periphery  (us  said  above)  nearly  at  right  angles.  The  wrinkle*  are 
nbequul  in  size,  largi-st  anteriorly  nod  posteriorly  where  they  measure  as 
lUCb  aa  one-elghlh  of  an  inch  in  breadth  and  are  separated  by  lurrows  of 
DOt  equal  width.  They  increase  slightly  in  size  towards  the  periphery 
d  in  Ihe  middle  are  very  small  and  much  iaterrupied. 
A  flat,  Ancly  striate  margin  surrounds  the  whole  plate,  commencing  at 
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the  anterior  angle  where  its  breadth  is  nothing  and  widening  to  the  lateral 
angles  where  its  breadth  equals  half  an  inch.  The  outer  line  of  this  mar- 
gin between  the  lateral  and  basal  (?)  angles  is  straight,  giving  its  greatest 
breadth  about  the  middle  of  these  sides  where  it  equals  an  inch.  The 
margin  of  the  basal  side  is  about  three-quarters  of  an  inch  in  breadth  in 
the  middle.  The  whole  of  this  margin  is  very  finely  striate  nearly  at  right 
angles  to  the  sides  of  the  plate. 

This  margin  is  evidently  the  portion  of  the  plate  which  was  overlapped 
by  the  adjoining  plates  and  in  this  respect  the  resemblance  between  it  and 
the  ventro-median  plate  of  PterieTUhys  ohUmgus  Ag.  is  obvious. 

The  outline  of  the  plate  corresponds  very  closely  with  that  of  the  dorso- 
median  plate  of  Pierichthys,  and  were  it  not  perfectly  flat  I  should  be  in- 
clined to  refer  it  to  that  part  of  the  ezo-skeleton.  But  this  flatness  renders 
it  more  probable  that  it  represents  the  ventro-median  or  well  known 
"lozenge-plate"  of  Hugh  Miller — the  central  piece  of  the  armor  of  this 
flsh  on  the  lower  side— overlapped  on  all  sides  by  others. 

Prof.  Whiteaves  has  very  kindly  lent  me  for  comparison  the  original 
and  only  specimen  of  the  ventro-median  plate  of  his  new  species,  CoceosUu* 
Acadicus.  This,  much  more  closely  than  my  specimen,  resembles  the 
ventro-median  plates  of  Pt&richthys  and  Coccosteus,  as  given  by  Hugh 
Miller  in  his  "Old  Red  Sandstone."  It  is  quadrilateral,  with  two  out- 
wardly concave  and  two  straight  sides.  The  ornamentation  is  very  pecu- 
liar, the  plate  being  "quartered  *'  if  we  may  borrow  an  expression  from 
heraldry,  and  having  crenulated  ridges  parallel  to  the  outer  side  in  the  first 
and  fourth  quarters  and  irregularly  scattered  tubercles  in  the  second  and 
third.     Altogether  it  shows  little  resemblance  to  the  plate  here  described. 

Prof.  Newberry  remarked  in  his  letter  that  he  very  much  doubted  if  the 
plate  here  described  belonged  strictly  to  Pterichthys  and  was  inclined  to 
consider  it  the  type  of  a  new  genus.  Probably  this  will  be  the  result  of  a 
better  knowledge  of  its  structure,  but  it  would  be  premature  in  this  note  to 
found  a  new  genus  on  the  fragments  already  known.  When  other  part^  of 
the  exo-skeleton  have  been  found  it  will  be  time  to  consider  its  generic 
position.    Meanwhile  I  suggest  for  it  the  provisional  name,  Pterichthy.s 

RUOOSUS. 

The  accompanying  figure  is  taken  from  a  photograph  and  will  suffice  tc 
preserve  the  appearance  of  the  specimen  for  future  comparisons  in  tht. 
event  of  its  loss  or  destruction. 


On  the  Kififjsmill  White  Sandstonr.     By  E.  \V.  Claypole. 

{Read  before  the  American  Philosophical  Society,  April  6,  1883.) 

Near  the  base  of  the  red  sandstones  and  shales  which  compose  the  Great 
Ponent  series  of  Professor  Rogers,  lies  a  thin  bed  of  white  sandstone  which 
promises  to  be  of  much  interest,  and  perhaps  of  some  importance  in  the 


PiXBiOHTHrBT  nuaoscs,  sp.  n.  Upper  Cukwono,  Pknna.    Prom  a  pho- 
tograph of  a  plaster  cast  taken  fcom  the  impression  in  sandstone. 
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geology  of  Perry  county  and  of  Middle  Pennsylvania.  In  itself  in  nowise 
remarkable,  it  abounds  in  organic  remains  which  when  worked  out  will 
yield  a  rich  fauna. 

It  is  at  present  impossible  to  decide  the  exact  horizon  to  which  this  sand- 
stone belongs.  For  this  reason,  and  to  avoid  prejudging  the  question,  I 
have  retained  the  term  '*Ponent."  The  transcendental  nomenclature  of 
Rogers  is  doomed  to  deserved  extinction,  but  until  we  can  determine 
finally  what  terms  shall  take  the  vacant  places,  it  is  wise  to  retain  such  of 
them  as  are  necessary  or  convenient. 

There  is  no  question  regarding  the  extent  or  signification  of  the  term 
"Ponent"  as  employed  by  Professor  Rogers.  It  is  purely  a  lithological 
term,  and  is  neither  based  on  nor  supported  by  palieontological  evidence. 
In  many  parts  of  Middle  Pennsylvania  the  dividing  line  which  limits  this 
Ponent  Group  is  almost  as  easily  seen  in  the  rocks  as  on  a  geological  dia- 
gram. 

By  the  term  "  Ponent,"  Professor  Rogers  intended  to  designate  all  that 
great  mass  of  red  sandstone  and  shale,  which  intervenes  between  the  top 
of  his  olive  "  Vergent"  shales  (Chemung  of  New  York),  and  the  Great 
Lower  Carboniferous  sandstone  above  them.  The  color  and  material  of 
the  beds  are  the  sole  foundations  on  which  the  distinction  is  based. 

Paleeontological  considerations  were  not  in  the  least  regarded,  partly  be- 
cause the  time  and  means  at  the  command  of  the  First  Survey  forbade  any 
extensive  search  for  fossils,  and  partly  because  the  great  barrenness  of 
these  red  shales  and  sandstones  discouraged  the  same. 

In  New  York,  on  the  other  hand,  though  fossils  were  also  very  scarce, 
yet  an  attempt  was  made  by  Professor  Hall  to  establish  a  palteontological 
basis  for  his  "  Catskill  Group,"  and  the  few  relics  that  were  obtained  from 
the  scanty  exposures  of  these  red  shales  and  -sandstones  in  that  State 
were  considered  "characteristic."  These  are,  strictly  speaking,  only  two 
in  number — Holoptychius  Americanus  and  Sauripteris  TaylorL 

The  base  of  the  Catskill  Group  in  New  York  is  therefore  double,  litho- 
logical and  palseontological.  It  may  be  to  some  extent  an  open  question, 
whether  or  not  these  two  horizons  exactly  coincide,  and  possibly  the  ques- 
tion may  not  admit  of  solution  from  the  few  and  obscure  exposures  in  that 
State.  But  until  the  coincidence  of  the  horizons  in  New  York  with  those 
in  Pennsylvania  is  definitely  settled,  it  would  be  premature  to  assume  it. 
Consequently  I  retain  for  the  present  the  term  "Ponent"  in  writing  of 
thete  beds. 

The  Eingsmill  white  sandstone  lies  near  the  base  of  these  red  sandstones 
and  shales.  Consequently  it  is  in  the  Ponent  Group  of  Pennsylvania.  Its 
exact  position  is  about  600  feet  above  the  actual  base  of  the  red  shales  and 
sandstones.  Palseontologically,  the  evidence  leads  to  the  same  conclusion 
for  about  400  feet  below  it  are  two  fish-beds  full  of  the  remains  of  Saurip- 
i&ris  and  Holoptychius,  There  is  consequently  no  question  of  its  position, 
judging  fh>m  the  data  that  have  been  hitherto  accepted  by  geologists. 
Whether  or  not  turther  examination  of  the  Eingsmill  sandstone  will  compel 
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some  modification  of  these  data  time  will  show.  As  the  lines  ot  discrimina- 
tion are  now  drawn,  this  sandstone  must  therefore  be  placed  in  the  Ponent 
Group  of  Pennsylvania,  and  on  palseontological  evidence  in  the  Catskill 
Group  of  New  York.  And  no  future  changes  can  raise  it.  Any  alteration, 
if  made,  can  only  lower  it  by  placing  it  in  the  underlying  or  Chemung 
(Vergent)  Group. 

These  details  are  necessary  as  an  introduction  to  the  facts  and  argument 
which  follows. 

Among  the  numerous  fossils  of  the  Kingsmill  sandstone  (many  of  which, 
though  casts,  are  in  excellent  preservation,  often  showing  the  finest  detail 
of  structure),  is  one  which  at  an  early  stage  of  the  work  arrested  my  at- 
tention. Its  beautif\il  condition  and  the  immense  number  in  which  it 
occurs  were  sufficient  for  this  purpose.  It  is  no  exaggeration  to  say  that  at 
some  of  the  exposures  this  fossil  occurs  in  millions. 

For  some  time  I  cpuld  get  no  clue  .to  its  name.  At  length,  however, 
after  going  through  with  care  all  the  material  in  my  possession  or  within 
my  reach,  that  bore  upon  the  subject,  I  became  almost  certain  that  it  was 
a  fossil  figured  by  Professor  Hall  in  the  geology  of  the  Fourth  District 
of  New  York,  under  the  name  Oyprkardia  rTiombea.  Possible  inferences 
fh>m  this  determination,  however,  deterred  me  from  making  use  of  the 
conelusion,  and  I  laid  the  matter  aside  for  f\irther  consideration. 

Returning  to  the  subject  during  the  winter,  while  engaged  in  the  study 
of  my  summer's  collection,  I  found  no  reason  whatever  to  distrust  my  pre- 
vious determination,  but  in  order  to  obtain  the  confirmation  of  another 
observer,  I  enclosed  a  specimen  in  a  small  parcel  which  I  had  occasion  to 
send  to  Professor  Whitfield,  of  the  American  Museum  of  Science,  re- 
questing his  opinion  on  the  identification.    In  his  reply,  he  said  : 

"  The  shell  sent  is,  I  think,  without  question,  Sehizodus  rhombeus  Hall 
(  Oyprieardia  rhambea)  of  the  Fourth  District  Report.  We  have  no  really 
authentic  specimens  here,  they  being  all  in  Professor  Hall's  hands  at. 
present." 

In  order  to  make  the  identification  perfectly  certain,  I  packed  up  a  speci- 
men, and  seAt  it  to  Prof.  Hall,  with  a  request  for  his  opinion  upon  it.  Int 
reply,  he  writes  under  date  of  March  10th,  1883. 

*'I  do  not  perceive  any  important  difierence  between  the  specimen  sent, 
and  8ehizodu3  rhombeus,  though  I  have  not  before  had  the  casts  of  the 
interior,  which  I  am  glad  to  receive." 

There  remains  therefore  no  doubt  that  the  specimens  here  alluded  to  be- 
long to  the  species  Schizodus  rhombeus  Hall,  of  the  Geological  Report  of 
the  Fourth  District  of  New  York,  where  it  was  described  and  figured 
under  the  name  of  Oyprieardia  rhambea.  It  was  found  four  miles  north  of 
Panama,  Chautauqua  county.  New  York,  and  attributed  to  the  conglom- 
erate at  the  base  of  the  Carboniferous  system.  This  opinion  is  now  proba- 
bly held  by  few  or  by  no  one.  Prof.  Hall  said  in  the  Twenty-third  Re- 
gent's Report  (p.  10)  : 

"In  the  original  collections  of  the  Geological  Survey,  some  of  the  oon« 


glomenttes  of  tliu  southern  counties  containing  certain  fossila  wer«  refurraJ 
to  and  arraaged  with  the  Cheniang  Group,  while  those  from  other  looli' 
ties,  but  without  fossils,  were  referred  lo  Carboaiferous  age.  This  UlUr 
reference  arose  from  floding  some  ferrugiooua  beds  supposed  ta  be  out- 
liers of  the  red  sandatoite  of  Tioga,  near  the  summiis  of  some  of  the  bDli 
and  below  the  conglomerate!!.  These  have  since  been  proved  bj  their  ooa- 
tained  fossils  to  belong  to  the  Chemung  Group,  and  !t  lias  not  yet  (1971) 
been  demonstrated  that  the  red  sandstone  of  the  adjacent  part  of  PeoMyl- 
T^nia  does  occur  within  the  limits  of  the  south-wcslem  counties  of  New 
York. 

"To  a  very  great  extent  the  conglomerates  have  been  aacertwned  lobo- 
long  to  the  Chemung  Group,  and  lo  contain  numerous  fossils  of  thai  forma- 
tion, while  in  some  tocalltles  at  least  two  hundred  feet  ol  shales  and  sbtlj 
gandsioues,  charged  with  Chemung  fossils.  He  above  tlie  conglomerslet. 
3o  many  localities  have  now  been  examined  that  we  may  conclude  that  sll 
the  conglomerates  of  the  south ern  counties  are  of  the  age  of  the  Cbemaat 
but  from  the  great  dlfierence  in  character  of  the  fossils  from  diflerenl 
localities,  it  may  not  be  regarded  as  proven  that  these  beds  are  all  of  Oa 
same  horizon. 

"The  relations  of  some  of  the  oullylng  conglomerates  south  of  Glean  la 
New  York  and  the  adjacent  parts  ol  Pennsylvania  in  McEeAn  countf,  to 
the  Chemung  Group  and  Coal  Measures  have  not  yet  been  satis&cCotQy 
determined," 

Mr.  Carll  in  Report  III  hna  given  a  minute  account  of  the  Panama  cob- 
glomerate  at  its  sereral  exposures  in  Chautauqua  county.  New  York,  and 
has  pointed  out  its  peculiarities.  He  has  also  given  a  list  of  fossils  obtained 
from  It,  which  agrees,  sofaras  the  species  were  determined,  with  that  given 
by  Prof.  Hall  (Qeol,  4ih  Dist,  p.  391),  except  in  one  point.  The  following 
are  the  lists  : 

Prof.  Hall's  list.  Ur.  CarJl's  list. 

Eaomphalat  deprettut  Eaomphalus  depreuat 

Oyprkardia  rhomliea  Oj/prieardia  rhambta 

Oypricardia  contratta  Cyprieardia  contract! 

Spinfer  duffunctut 

Mr,  Carli  does  not  give  bis  locality,  but  as  he  describes  a  quarry  four 
miles  north  of  Panama,  it  may  be  Inferred  that  he  obtained  some  of  thorn 
there.    This  is  the  locality  mentioned  by  Prof.  Hall. 

One  curious  (act  is  the  great  discordance  between  the  two  BCoODnls  oi 
the  rock.     Prof.  Hall  says  : 

"Fossils  are  exceedingly  rare  In  this  rock,  having  been  seen  in  ons  lo- 
cality only,  four  miles  north  of  Panama." 

Mr.  Carll  says  : 

"One  of  the  exceptional  featuresof  the  Panama  rock  Is  the  great  sbu- 
danceof  fossils  found  associated  with  it,  and  even  in  the  pebble  maMitMtC" 

Probably,  judging  from  the  resemblance  between  the  llsta  gireo  tbora, 
the  abundance  of  fossils  ia  a  local  character  of  the  rock.  In  tUf  way  «« 
may  perhaps  reconcile  the  two  accounta. 
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inthoat  laying  too  much  stress  on  a  single  species,  it  may  be  worth 
consideration  whether  or  not  the  Panama  conglomerate  of  Report  m  may 
be  of  approximately  the  same  age  as  the  Eingsmill  white  sandstone  above 
described. 

The  following  points  of  resemblance  may  be  noted  : 

1.  The  Kingsmill  sandstone  is  often  conglomeratic. 

9.  The  Eingsmill  sandstone  contains  abundance  of  flat  lenticular  quartz 
pebbles.  I  have  never  seen  a  pebble  of  any  other  shape  in  it.  This  is  a 
distinguishing  feature  of  the  Panama  rock  according  to  Mr.  Carll  and  Mr. 
Ashbumer. 

8.  The  Eingsmill  sandstones  contain  abundance  of  fossils,  among  which, 
in  one  locality  at  least,  is  found  in  profusion  ScTUgoditsrhombeus,  one  of  the 
three  characteristic  species  of  the  Panama  rock. 

The  Sub-Olean  or  Sub-Garland  conglomerate  of  Messrs.  Carll  and  Ash- 
burner  is  the  only  other  conglomerate  in  that  part  of  Pennsylvania  holding 
similar  flat  pebbles.    See  Rep.  in. 

I  have  not  yet  identified  with  certainty  either  of  the  other  three  species 
mentioned  by  Prof.  Hall  and  Mr.  Carll  to  occur  near  Panama  in  the 
conglomerate,  but  so  far  as  I  have  yet  observed  Sehizodtts  rhonib&us  is 
strictly  limited  in  Perry  county  to  this  single  bed  of  sandstone  not  exceed- 
ing ten  feet  in  thickness.  A  scarce  form,  usually  imperfect,  much  resem- 
bles  8.  eontractui  ( Cypricardia  contracta),  and  may  prove  to  be  so.  The 
Gkwteropods  are  in  so  ill  preserved  a  condition  that  their  identification  is 
attended  with  great  difficulty. 

If  any  importance  be  attached  to  this  suggestion,  it  only  remains  to  point 
out  the  horizon  of  the  Eingsmill  sandstone,  which  admits  of  no  doubt, 
although  it  may  admit  of  slight  differences  of  opinion.  As  mentioned  at  the 
beginning  of  this  note,  it  lies  near  the  base  of  the  great  "  Ponent "  seriet. 
of  Prof.  Rogers.  It  must,  therefore,  be  about  the  top  of  the  Chemung  or 
the  base  of  the  Catskill  of  New  York,  or  perhaps  better  in  what  we  may 
call  the  "Chemung- Catskill  passage  beds."  It  is  not  probable  that  the 
palseontological  evidence,  when  complete,  will  warrant  the  placing  of  this 
sandstone  and  its  associated  strata  fully  within  either  of  these  two  great 
groups  of  New  York. 

The  Eingsmill  standstone  cannot  of  course  be  a  continuation,  unchanged, 
of  the  Panama  conglomerate  for,  according  to  the  testimony  of  Mr.  Carll 
and  Mr.  Ashbumer,  the  latter  graduates  down  into  soft  shales  when  fol- 
lowed a  few  miles  to  the  south-east  of  Panama.  But  it  may  be  a  bed  on  the 
same  or  nearly  the  same  horizon,  and  the  deposit  of  a  sea  tenanted  by  the 
same  species.  It  may  even  be  a  continuation  of  the  same  bed  taking  on  its 
sandy  nature  again  in  consequence  of  changed  conditions. 

It  only  remains  to  add  that,  though  the  three  or  four  species  above  enu- 
merated form  the  whole  of  the  known  fauna  of  the  Panama  conglomerate* 

*  The  list  of  fosBlU  Irom  the  Panama  conglomerate  or  its  associated  conglom- 
erates has  apparently  been  increased  since  the  publication  ot  the  Geology  ot 
New  York,  by  the  addition  of  the  following  three  species : 

JRdmoncna  CBquimarpinalig  =  Oardinia  cequimargineUU  W*» 

AUoritma  Hcmnibatenaia  =  Orammytia  HannibcUenti*  ^' 

8anguinoiUe»  ^avultu  Hall. 
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in  New  York,  yet  the  Kingsmiil  sandstone  contain  a  rich  fauna,  the  names 
of  which  will  form,  when  worked  out,  a  long  list. 

In  addition  to  what  has  been  said  above  concerning  the  fossils  of  the 
Panama  conglomerate,  the  following  notes  are  worthy  of  a  little  space. 

Prof.  A.  Winchell  in  a  paper  printed  in  the  Proceedings  of  the  Acad,  of 
Nat.  Sciences,  1865,  says,  when  speaking  of  the  fossils  of  the  Marshall 
Group  of  Michigan  : 

''Perhaps  the  most  interesting  feature  of  all  is  the  identification  of  four 
Western  species  with  fossils  contained  in  the  supposed  Carboniferous  con- 
glomerate of  Western  New  York.    These  are  : 

Euomphalus  depresms  Hall  =  StraparoUuB  Ammon  White. 
Cypncardia  contracta  Hall  =  Edmondia  biearinata  Win. 

=  Sanguinolites  rigidus  Win. 

=  Cypncardia  rigida  White  and  Whitf . 
Edmondia  CBquimarginalis  Win . 
Allainsma  Bannibalensis  Shum. 

"Further  than  this,  two  of  the  above  species^-.^.  cBquimarginaUi  tkud- 
AUori9ma  HannibdUmii — occur  in  what  has  been  regarded  as  another  con- 
glomerate whose  position  is  beneath  the  first,  and  at  the  top  of  the  Che 
mung  rocks  of  Western  New  York." 

In  regard  to  this  last  remark,  Mr.  Ashburner  in  Report  III,  pp.  70-79, 
says  that  the  Panama  conglomerate  is  the  lowest  sandstone  in  the  N. 
W.  of  Pennsylvania  and  S.  W.  of  New  York.  He  says  that  an  oil  well 
sunk  close  to  the  base  of  the  Panama  rock  passed  through  1200  feet  of  soft 
shale  and  slate,  and  that  other  wells  in  the  region  gave  similar  sections. 
He  says  that,  granting  all  the  coQglomerates  cropping  out  and  forming 
rock-cities  along  the  State  line  hills  to  be  distinct  beds,  they  lie  thus  : 

1.  Olean  (Garland  =  Sharon  =  Ohio). 

2.  Sub-Olean,  Sub-Garland,  Shenango. 

3.  Tunangwant. 

4.  Salamanca. 

5.  Panama. 

On  his  view,  therefore,  there  is  no  older  conglomerate  than  the  Panama 
in  the  region. 

Prof.  Winchell  argues  that  because  these  four  species  occur  in  the  Mar- 
shall Group  in  Michigan,  and  in  the  Panama  (or  its  equivalent)  conglom- 
erates of  New  York,  therefore  the  Marshall  Group  is  more  or  less  the 
equivalent  of  these  conglomerates  which  he  assumes  to  be  of  Lower  Carbo- 
niferous age  as  stated  in  the  Geology  of  New  York.  Consequently,  he  in- 
fers that  the  Marshall  grits  and  conglomerates  of  Michigan  are  of  Lower 
Carboniferous  age.  The  evidence  given  above,  shows  that  one  of  the  spe- 
cies of  the  Panama  conglomerate  is  not  Lower  Carboniferous,  but  belongs 
at  the  base  of  the  Catskill.  The  other  species  may  be  found  in  the  same 
horizon.    The  inference  from  this  datum,  somewhat  slender  it  is  true,  is 
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that  the  Panama  conglomerate  belongs  to  the  base  of  the  Catskill,  and 
probably  also  the  ICarshall  grits  of  Michigan. 

No  representative  of  the  Catskill  has  yet  been  found  or  recognized  so  far 
as  I  am  aware  in  Michigan.  A  gap  is  left  in  the  Michigan  section  between 
the  Chemung  and  the  Lower  Carboniferous. 


Mr.  Lesley  remarked  on  this  paper  of  Prof.  Claypole's, 
that  he  could  not  agree  with  the  sentiment  expressed  in  its 
introduction  respecting  the  doubtful  propriety  of  the  use  of 
the  term  "  CJatekill  formation  "  as  an  equivalent  of  Prof. 
Roger's  "  Ponent  formation." 

It  is  a  mistake  to  suppose  tliat  the  "  Catskill  formation  "  was  based  in 
any  degree  upon  fossil  forms,  any  more  than  was  the  "Ponent."  The 
two  terms  are  completely  and  exactly  identical.  The  New  York  geologist 
meant  by  it  the  red  rocks  constituting  the  Catskill  Mountain  massif, 
OYcrlooking  the  Hudson  valley,  and  extending  unbroken  far  into  Penn- 
«ylTania,  and  in  fact  through  Pennsylvania  into  Maryland  and  Virginia. 
It  was  described  as  a  pile  of  nearly  horizontal  Devonian  strata  destitute 
of  fossils  remains,  except  a  few  macerated  plants  and  one  or  two  types  ot 
fish.  Mr.  Rogers  bad  to  describe  the  same  mass  of  strata,  with  the  same 
lithological  constitution  and  topographical  aspect,  and  perfectly  continuous 
with  it  geographically.  There  never  was  any  question,  nor  is  there  now 
any  question  of  the  identity  ot  this  mass  of  strata  in  the  two  States.  But 
as  Mr.  Rogers  declined  to  accept  any  of  the  Palaeozoic  names  of  New  York 
and  invented  a  new  nomenclature  for  his  own  use  in  Pennsylvania,  he  sub- 
stituted lament  for  '*  Catskill,"  as  he  substituted  Medidial  for  ••Oriskany," 
Postmedidal  for  "Upper  Helderberg,"  Cadmt  tor  "Hamilton,"  Vergent 
for  "Chemung  and  Portage,"  &c.  The  only  essential  change  he  made 
was  in  giving  a  separate  name,  Veipertinef  to  the  gray  sandstone  strata 
forming  the  peaks  of  the  Catskill.  These  had  been  left  unnamed  (or  in- 
cluded under  the  general  name  "Catskill ")  because  the  N.  Y.  geologists 
had  no  clue  to  their  topographical  significance,  which  only  appears  after 
I)assing  west  of  the  Lehigh,  where,  upturned  vertically,  they  constitute  a 
separate  range  of  mountain. 

In  the  reports  of  the  Second  Geological  Survey  the  transcendental 
nomenclature  of  the  brothers  Rogers  has  been  set  aside  in  favor  of  the 
older,  classical  and  generally  accepted  nomenclature  of  the  New  York 
geologists.  As  the  gray  sands  of  the  Catskill  peaks  form  the  top  coating  of 
the  Pocono  tableland  in  Pennsylvania,  the  name  "Pocono"  has  been 
substituted  for  Venpertine  ;  but  this  leaves  the  term  Pment  represented,  aa 
It  always  has  been,  by  **  Catskill." 
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The  discussion  in  New  York  respecting  the  lower  limit  of  the  Catakill 
formation  (recently  settled  by  the  proper  placing  of  the  Oneonta  sand- 
stone) has  always  left  the  great  Catskill  formation  unaffected.  So  in 
Pennsylvania,  the  100'  of  transition  beds  at  the  bottom  of  the  Ihnent  and 
at  the  top  of  the  Vergent,  do  not  afiect  in  the  least  the  broad  fact  that 
Fonmt\a  "Catskill"  and  Vergent  h  "Chemung."  No  palseontological 
discoveries  can  ever  alter  these  established  relationships. 

The  discovery  of  Catskill  fish-forms  down  in  the  Chemung  has  no  more 
bearing  on  the  name  "Catskill"  than  it  has  on  the  n&me  B^nent ;  for 
"Catskill"  and  Pbnent  are  merely  synonyms  for  the  8000'  +  ot  red  and 
gray  sanies  and  shales  of  the  Catskill-Pocono- Alleghany  mountain  range 
which  present  a  continuous  outcrop  from  the  Hudson  to  the  Potomac. 

The  discovery  of  Catskill  fish-forms  down  in  the  Chemung  merely  adds 
one  more  item  of  evidence  to  the  now  almost  accepted  conviction  that  the 
task  of  devising  geological  names  of  the  first  and  second  order  cannot 
safely  be  entrusted  to  palaeontologists,  but  that  they  must  limit  their 
function  as  namers  of  strata  to  names  of  the  third  and  fourth  order,  as  the 
geologists  of  the  continent  of  Europe  have  been  content  to  do  for  some 
years  back,  designating  the  groups  of  beds  in  a  subdivision  of  a  forma- 
tion by  some  characteristic  fossil  form ;  as,  for  instance : — Trias  ;  1. 
Gr6s  bigarr^  ;  1.  b.  Gh'is  a  WolUia,  The  fact  is  becoming  patent  to  all  eyes, 
that  the  occurrence  of  special  fossil  forms  in  a  rock  is  no  evidence  of  the 
exact  age  of  that  rock  until  after  its  exact  age  has  been  settled  topographi- 
cally or  structurally. 

If  then  the  new  fish-form  be  a  Catskill  fish  found  in  Chemung  rocks, 
it  will  not  make  the  upper  part  of  the  Chemung,  Catskill.  It  merely 
happens  that  a  Chemung  fish  is  also  a  Catskill  fish.  And  so  of  any  other 
fossil  form  discovered  under  similar  circumstances. 

Mr.  Lesley  added  that  the  discovery  of  the  Kingsmill  White  Sandstone 
fossils  by  Prof.  Claypole  is  important  for  the  future  settlement  of  the 
question  :  What  becomes  of  the  Catskill  formation  going  west  into  Western 
New  York,  Ohio  and  Michigan  ?  If  we  could  trust  the  evidence  of  fossil 
forms  for  establishing  a  lithological  horizon  —  if  we  were  sure  that  there 
were  an  immovable  horizon  extending  more  than  500  miles  (8.  E.  and  N. 
W.)  characterized  by  Hall's  EaompJialus  depressus,  and  Cypricardia  con- 
tracta,  Winchell's  Edmondia  cBquimarginaliSy  and  Shumard's  AUoruma 
SannibalenHs — and  if  this  horizon  be  seen  at  Marshall  in  Michigan  just 
under  the  Coal  measures,  at  Panama  in  Western  New  York  considerably 
below  the  Venango  Oil  measures,  and  in  Perry  County,  Middle  Pennsyl- 
vania, just  below  the  bottom  of  the  great  Catskill  formation — everybody 
who  believes  in  this  kind  of  evidence  must  accept  the  conclusion  that 
there  is  a  time  gap  in  the  Michigan  and  Northern  Ohio  section  to  be 
measured  by  many  thousand  feet  of  Pennsylvania  strata,  the  majority  of 
which  are  Catskill ;  and  that  this  gap  happens  between  the  "Marshall 
grit"  of  Michigan  and  the  next  overlying  strata. 


IMIL]  675  [Lesley. 

But  the  fiict  must  be  kept  in  view,  that  no  internal  of  time  can  elapse 
"between  emergence  and  resnbmergence,  withcyit  the  interval  being  ac- 
cented by  erosion  which  has  gone  on  during  the  interval.  If  the  time 
interval  in  question  extended  through  the  Catskill  era,  Michigan  standing 
above  sea  level,  there  should  not  only  be  a  plane  of  paleontological  non- 
conformity, but  also  nonconformable  bedding ;  and,  in  soft  Devonian 
measures,  this  would  be  deeply  sculptured.  None  such  being  known  in 
Michigan,  we  must  conclude  that  the  time-interval  •  was  spent  under 
water  ;  but  in  that  case  sedimentation  must  have  gone  on.  We  are  there- 
fore shut  up  to  the  conclusion  that  several  thousand  feet  of  Perry  County, 
Pennsylvania,  deposits  are  represented  by  a  few  yards,  feet,  or  perhaps 
only  inches  of  Michigan  rocks ;  yet  nevertheless  perfectly  and  conforma- 
bly represented. 


Early  Reeordi  of  the  Society, 

Mr.  Lesley,  in  reporting  the  completion  of  his  MS.  Con- 
densed Copy  of  the  Minutes  of  the  Society,  apon  which  be 
lias  been  engaged,  at  intervals,  during  the  last  two  years, 
said: 

These  Minutes,  preserved  in  ten  volumes,  commence  with  Franklin's 
letter  of  1744^  and  reach  to  the  last  meeting  in  December,  1887,  after  which 
the  Proceedings  were  regularly  printed  for  the  use  of  the  members,  at  first 
four  times,  and  then  twice  a  year,  the  first  issue  of  1888  being  numbered  1, 
and  the  last  issue  of  1882,  112. 

Vol.  I,  1888,  1889,  1840,  contains  Nos.  1  to  14. 

Vol.  n,        1841'8,  contains  Nos.  15  to  26. 

Vol.  in.       Celebration  of  the  Hundredth  Anniversaif,  No.  27. 

Vol.  rV,       1845'7,  contains  Nos.  28  to  89. 

Vol.  V,        1848  to  1858—  Nos.  40  to  50. 

Vol.  VI,       1864  to  1858—  Nos.  51  to  60. 

Vol.  Vn,      1859  to  1860—  Nos.  61  to  64. 

Vol.  VIII,    1861,  contains  Nos.  65  and  66. 

Vol.  IX,       1862  to  1864—  Nos.  67  to  72. 

Vol.  X,         1865  to  1868—  Nos.  78  to  80. 

Vol.  XI,       1869  and  1870—  Nos.  81  to  85. 

Vol.  Xn,      1881  and  1872—  Nos.  86  to  89. 

Vol.  Xni,    1878  and  1874—  Nos.  90  and  91. 

Vol.  XIV,    1875,  contains  Nos.  92  to  95. 

Vol.  XV,      1876,  contains  No.  96. 

Vol.  XVI.    1876  and  1877,  conUins     Nos.  97  to  99. 

Vol.  XVn,  1877  and  1878—  Nos.  100  and  101. 
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Vol,  XVUI.  1878  lo  1880-  Nos.  102  to  IOC. 

Vol.  XIX,     1880  and  1881—  Nos.  107  to  lOS. 

Vol.  SX,       1881'3'3-,  Noa.  HOW  118. 

Vol.  XXI.     1883,  June  onward.—  No.  lU. 

I  propose  that  as  a  substitute  for  Vol.  I,  now  out  of  ptiat,  the  Socleij 
■hall  print  a  Vol.  I.  beginning  in  1744  and  containing  the  condenwd  Min- 
utes of  ninety-six  years,  i.  f.,  up  to  the  beginning  of  1841,  Uiua  includiBg 
a  oondenaed  reprint  of  the  present  Vol.  I. 

The  MS.  which  I  lay  on  the  table  consists  of  reports  of  the  Proceediagi 
of  every  stated,  adjourned  or  special  meeting  in  more  than  seventy  ymn, 
eondeiued  J  omitting  nothing  of  the  nature  of  an  act  or  fact  however  lut. 
important,  but  slating  it  in  the  fewest  possible  words,  and  using  a  eeiiahi 
number  of  easily  understood  contractions,  such  as  Soc..  Lib.,  Don.,  Com., 
for  Society,  Library,  Donatlans,  Committee,  &c.,  in  order  M>  g«t  as  maitf 
paragraphs  as  possible  to  occupy  each  not  more  than  one  line  of  printed 
text. 

Another  meaas  made  use  of  for  diminishing  the  bulk  of  the  MS.  wu 
the  omission  of  all  titles  and  initials  to  proper  names,  except  in  cases  irhers 
the  tiile  or  initial  was  needful  to  distinguish  one  individual  fh>ni  another 
■oT  the  same  name. 

With  the  same  object  in  view,  the  lists  of  members  present  at  meetingi 
Bubaequent  to  1800  are  only  given  on  important  occasions,  or  at  times  whea 
the  Society  was  specialty  active  or  specially  inactive,  or  after  numeraui 
admissions  of  new  members,  or  at  elections,  or  during  debates  protracted 
from  meeting  to  meeting. 

Much  space  was  saved,  and  great  clearness  given  to  the  record,  for  con- 
sultation, by  ignoring  most  of  the  prolix  formality  and  tedious  rerbiage  of 
both  minutes  and  resolutions.  Short  formulte  were  adopted  for  man;  of 
the  constantly  recurring  proceedings,  such  as  references  to  and  report! 
from  committees.  But  resolutions  of  the  slightest  financial  or  historical 
importance  are  given  tierbaliin  ;  and  where  they  are  contracted  or  con- 
alensed,  the  essential  wording  Is  retained,  and  erery  word  or  sentence  io 
the  original  Is  furnished  in  the  copy  with  quotation  mark*,  to  obviate  the 
inecessity  of  reference  to  the  original  for  the  purpose  of  verifying  the  real 
meaning  of  the  transaction. 

Quotation  marks  are  used  throughout  the  copy,  and  by  these  the  com- 
pleteness of  the  copy  as  well  as  its  fldelity,  can  be  judged. 

All  unusual  spellings  of  words  and  names  are  followed  by  the  signtl 
■(.tie).  Many  of  the  names  of  members  are  spelled  hy  different  3ecreUrie*, 
in  different  years,  and  in  the  same  year.  In  two  or  more  ways  ;  as  for  ex- 
ample :  Lesueur,  Le  Sueur,  Le  Scur  ;  Beesley,  Beasley  ;  Du  Ponceau,  Da- 
poDceau  1  Nicholls,  Nicolls,  Nichols ;  Pennington,  Penington  ;  and  even 
Vaughan,  Vaughn.  Many  of  these  variations  are  not  due  lo  careless  uao* 
scripcion,  but  to  un established  orthography.  This  is  especially  apparenl 
in  the  lawless  variations  in  the  use  of  initial  capitals,  especially  in  the  eir- 
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Mer  yean.   All  these  cmioiis  features  of  our  minute  books  hare  been  sedn- 
lonslj  retained  in  making  the  copy. 

All  annotations  are  placed  in  brackets. 

Side  notes,  corrections  and  blanks  are  noted. 

Thirty  or  forty  blank  pages  have  been  left,  in  different  parts  of  the 
of  copy,  to  be  filled  by  a  literal  copy  of  the  original  MS.  in  sodi 
the  letters  of  Jefferson*  or  long  resolutions,  erery  word  of  which  should  be 
retained.  This  filling-in  can  be  done  by  a  careful  copyist  at  any  time 
pterious  to  the  publication  of  the  copy,  or  while  it  b  going  throuf^  the 


For  nearly  fifty  years  the  records  of  the  earlier  years  of  our  Society  hare 
stood  exposed  to  destruction,  especially  by  fire ;  and  it  is  surprising  that  a 
ocq[»y  of  them  has  nerer  been  made  before  now.  Tlie  present  copy  is  pre* 
aerred  by  the  President  in  the  fire-proof  vault  of  the  Western  Saring  Fund 
Society,  Walnut  and  Tenth  streets,  to  be  forthcoming  at  the  order  of  the 
Society. 

Its  publication  would  not  only  secure  it  against  destruction,  but  would 
DO  doubt  give  lirely  satislkction  to  the  members  of  the  Society,  who  would 
then  far  the  first  time  be  able  to  gratify  a  natural  and  affectionate  curiosity 
ieq)ecting  the  origin,  growth,  struggles  and  labors  of  the  reneiabk  institu' 
tion  to  which  they  belong.  Most  of  the  names  of  noted  PhSadelphians  ap- 
pear in  these  minutes,  and  many  fiunous  men  of  other  Statcai,  and  of  fioveign 


Kot  the  least  important  fSoature  of  the  record  is  its  represenuOMMi  of  the 
first  appearance  of  potent  ideas ;  the  first  efforts  fbr  the  improTement  of 
the  mfrhanir  aits ;  the  first  step^  taken  in  scientific  paths ;  eariy  explora- 
tioos  of  the  Hew  World ;  with  a  pronounced  ea^remess  to  import  the  fiunl- 
ties  of  the  Old  World  into  iL  It  is  not  io  much  a  record  of  the  growth  of 
an  American  Society,  as  a  record  of  the  growth  of  society  in  America,  and 
in  this  sense  akme  it  ponesees  an  extnordlnary  liistorical  raloe. 

If  printed,  it  will  mike  a  volume  of  about  440  page*,  ^nd  esn  be  cunririly 
read  throu^  at  two  or  three  sxttinz*.  The  retder  will  probably  fM 
what  tlie  biologist  fiesels  while  fpending  some  tiours  in  watdiin^  tliroagh 
his  microscope;  the  metamorphoses  of  one  of  ^be  prMozoa. 

The  printing  will  be  cheap,  as  it  is  &!]  plain  copy,  and  will  require  little 
or  no  correcdoa. 

It  should  be  printed  as  one  of  our  «^i  of  Prc^iceeding^ ;  and  entitled  '*  The 
PioeeedingB  of  the  American  Philosophkau  Society,  Vol.  I,  Part  I,  horn 
1744  to  188a"  or  simply  ToL  1, 1744  :o  IM^.  It  wiU  th<!m  be  piMMid  by  wi- 
jfuponding  mmnhn  sod  Uhnriw  :£.  iu  profj^r  pSaoe  at  the  begSnnlng  of 
tlie  row  of  our  Prooeciiings,  the:  pn3%e&t  VoL  I,  wOI  be  reoognised  (evea 
without  raprinting  its  tziJe  pag^y  u  Vo^  L  P4n  IL  But  it  would  be  well 
§ar  the  Sodecy  to  print  an  extra  *.££>  ;*re,  Vj  go  o<st  whh  it,  and  he  paslisd 
bj  cor  cotreapondeats  oT«r  the  o>5  th>  ;*ge  of  TeL  I,  ^leaigBsiing  that  m 

FJMtl. 

ThepriBcqMJaBe€<tha»To:imie.««Ii  M<i»ed;  wHI  be  frjir  referriaf  I0  Ito 
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past  action  of  the  Society  on  sabjects  of  order  and  difldpline,  ownership  of 
property,  and  financial  investments,  wliich  have  always  necessitated  refer- 
ences to  the  written  minutes  tedious  and  often  unsatisfiEictory.  Also,  when 
questions  arise  as  to  the  ownership  and  history  of  the  objects  of  art  and 
books  in  the  possession  of  the  Society,  this  printed  record  will  be  found 
convenient 
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him  tlie  coinuiunicatinu.  description,  ormt)l»»l.  t'xcvpt  tin-  ollli rr  lo  wIumu 
it  shall  l)f^  entnisU'd  ;  nor  shall  such  oflh't'i-  purl  wiih  iIh- sumo  luii  nl*  liis 
cujstody.  without  a  spcrial  onlrr  of  the  SiiciiMy  for  that  |nirposi'. 

G.  The  Sooit'ty,  havinir  previously  nTerriMl  the  xiovcial  roniniuiiicaiinn-. 
from  candidates  for  t ho  proiniuin,  tlii'ii  d('))i'ndiii.'r.  to  the  conHidt'ratinii  n| 
the  twelve  Councillors  arnl  other  ofllcei-s  of  tin-  Sorii-ty.  and  having;  iriiiM-d 
their  re{H)rt  thereon,  shall,  at  one.  ot  their  ^^tati-d  nicciiniis  in  the  niontli  i»i 
Deceniher,  annually,  after  the  expiniticMi  nf  this  enrniit  year  (of  the  timr 
and  place,  toirether  with  the  particular  oce:i».ion  ot  whieh  nieciing  ilu«*  nti- 
tic  shall  he  ]H\*viously  given,  hy  public  advertiyenient;  proeei-d  in  final 
adjudication  of  the  said  premium:  and,  atter  due  consideration  hail,  a  vote 
shall  first  he  taken  on  thi>  question,  vi/.. :  Whether  any  of  the  eomniunieii 
tions  then  under  in>jM.'Ction  be  worthy  of  the  pni|)OM'it  pn-miuni  *'     If  thi- 
questhm  be  detennined  in  the  nepitive.  the  wholi*  Imi^Iik  <^  shall  b«  d« 
ferred  till  another  year;  but  if  in  the  aflirmative.  iIh-  Soi-ieiv  -hall  |eoi«-i-d 
to  determine  hy  ballot,  given  by  the  members  ai  l.ii;:«',  the  di-invriy.  in 
veDtion  or  improvement  mo*»t  useful  and  worthy  ;   and  thai   di  eo\«  r\. 
invention  or  improvement  which  >hall  be  found  to  have  a  maioritv  of  run 
curring  votes  in  its  favor  ^liall  Ik-  -iieee--ful  :  and  tlnn.  and  n't   till  thi-n 
the  sealed  letter  accomjiJinyinir  th«.-  cro\vrnd  pi-rfornian*''    hall  b«-  o|n  n«  •!. 
and  the  name  of  the  author  annonneed  a*  th«-  p«-r-on  entMlid  to  !h«     aid 
premium. 

7.   Xo  member  of  the  SocieTy  who  i-  a  (andid.it<-  lor  tjw  pfniiurn  tinn 
depending,  or  who  haOi  not  ppviou-iy  deeiar«d  to  tie- Sor  i«tv,  ihit  le-  hi 
considered  and  wei::h».'d,  afeordiji-j  «o  tl,*-  b«-t  ol  hi-   pidiMn*  n».  tie   'oni 
parative  merits  of  the  -evnt;  ciiim-  'h^n  'ind^-r'on  ld«r.i»ion.    ha  ■      *  "•• 
jndgment,  or  :riv*-  hN  v*»U:  iii  a'A-  ir-Urij  ".,-  -  ».'J  pr«  in;  an 
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ciety,  as  s^^on  as  may  be  aft-  r  *:i»-  vl'^i'l-j .i^'i'-tt,  «•,'.'.•  i  n$  ;*  ■.'  ;..:r  .•<  ;, .'.,: 
cation.  «.'r  In  xh*:  h*:X*  -;"':••  ..';..•  '  •*.  .':»*: '/!  *;.• .:  '1  :'.f»  'f  •.''.' 
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short  Latin  motto  suited  to  tlie  occAsion,  togetlicr  with  the  words  :  '*The 
Premium  of  John  Hyacinth  dc  Magellan,  of  London,  established  in  the 
year  1786  ;"  and  on   the  other  side  of  the  plate  shall  be  engraved  theiie 

words:  "Awarded  by  the  A.  P.  S.  for  the  discovery  of A.D. ." 

And  the  seal  of  the  Society  shall  be  annexed  to  the  medal  by  a  ribbon  pa!^s. 
ing  through  a  small  hole  at  the  lower  edge  thereof. 

Section  2.  The  Magellanic  fund  of  two  hundred  guineas  shall  be  mn- 
sidered  as  ten  hundred  and  fifty  dollars,  and  shall  be  invested  separately 
from  other  funds  belonging  to  or  under  the  care  of  the  Society,  and  a  sc'iiu- 
nitc  and  distinct  account  of  it  sliall  be  kept  by  the  Treasurer. 

The  said  fund  shall  be  credited  with  the  sum  of  one  hundred  dollars,  to 
represent  the  two  premiums  for  which  the  Society  is  now  liable. 

The  Treasurer  shall  credit  the  said  fund  with  the  interest  received  on  the 
investment  thereof,  and,  if  any  surplus  of  said  interest  shall  remain  aft^r 
providing  for  the  premiums  w^hich  may  then  be  demandable,  said  surplus 
shall  be  used  by  the  Society  for  making  publication  of  the  terms  of  the 
said  premium,  and  for  the  addition,  to  the  said  premium,  of  such  aiiiouni 
as  the  Society  may  from  time  to  time  think  suitable,  or  for  the  institutitm 
of  other  premiums. 

The  Treasurer  shall,  at  the  first  stated  meeting  of  the  Society  in  the 
mouth  of  December,  annually,  make  a  report  of  the  state  of  said  f\ind 
and  of  the  Investment  thereof. 
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